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Abstcact (cont'd)

~included the technical expertisa for formulating the tests and the analysis of the test
results. As as result .of the investigation, the Safety Board has concluded that
contamination of compressor bleed afr by the ingestion of engine ofl Is not possible.

%

The National Transportation Safoty Board approves this report for publlcatlon\nd
distrivution In the National Technieal Information System In the Interest of information
exchange; however, the Safety Board's approval of the distribution of the regort does not

constitute a general endorsement or safety certification of the Garrett TPE 331 engine.




CONTENTH

SYNOPSIS ] [ ] [} [ ] [ ] [ ] [ ] ] , . [ ]
Introduction. . . . . ., ...
Background and Test Protovol . .
Results and Conelusions, . . .

INTRODUC”ON L ] L] . L} » ] L] [ ] L] L ] [ ] .7 ] & [ ] [} ] [ ] L] ] ] a [
APPLICABLE AIRCRAFT ENVIRONMENTAL SYSTEMS . . .., ..
DISCUSSION OF POTENTIALLY RRLATED AIRPLANE ACCIDENTS.
BACKGROUND AND TEST PROTOCOL . . . . . . Ve e e
Backgmund....-.....-.‘.....-.-
Background Survey-Other Engines and Testing . . . . .

Deseription of Lubricating Oll Used In the Test Protocol
Test Engine Deserfption. + o v . v v v v b o v 2 .,

L - - [ -
- » - [ 3 -
- - - - -

Test Protocol « + « v v v 4 v v o, 4
Test Organization ., . ., ., , ., ... .
Test Ratlonale - TPE 331 Engine. . . . .,
Cracked Seal Test Configuration Evaluation
Test Engine Configuration. . . . , . . .
Oil Injection Test Setup. « . . . . ., . . .
Engine Installed Bleed Air Sampling Equipment,
Condensed Review of Test Serfes, o . . . .
Bleed Air Sampling Methods and Procedures .

-
L J - - » - - - - -

- - L] - - - » - L J
[ ] - - E L ] » - [ -
- - - L] - - - - -
- - » L - - - L ] -
- - - - - L ] » - .
- L] - - L 4 - ”» - -

Conduct of Tests.
Serles 1 Tests .
Tests 1 and 2., .
Testd. . . . .

Serles 2 Tests . .
Testd., . ., . .
Testb. . . . .

Analytical Procedures

TEST RESULTS AND KVALUATION. . . . . .
Garrett Turbine Bngine Company. . . . .
Clayton Environmental Consultants, Inc. .
Bxxon Research and Engineering Company. .
Environmental Protection Ageney . . . . . ‘
Toxicological Evaluation of Bleed Afr Contamination Test Data
Condensed Roviewsof Pindings « « .+ o + . . . ., . .

* = » .- o » = -
* o e * ® @ s e
. ® o & @ = . »
- - - . o = -« =
- . e " & &« o -
- & o s * * =
® & » - - *» e [ ]
. & & & 9 = & a
* & = . o » s =
- = = " o = - -
- - - -*» - - - -
. * @ * e @ [
L] - - - - » L] -
* o = - & » - -
. e = * & @ - =
- - - «- ®» = * =
. @ o *« @ = - -
- = @ .- = e - -

]
L]
L]

- - - -
L L] - - -
- - - L ] -
* - *» - -

- - - - L d
- L J - - -

[}
4
&
[ ]
[ ]

FINDINGS L] - . L ] . » 9 ] L] [ * . L] L L] L R ] L . | * " L . ]
c ONCLUBIONS & [} ] » ¢ 0 » L [ ] ] » ’ L I ] [ ] * * L] L} 1 4 . L4 L]

- - - - - - - - - L] [ [ - - - L - - L J - - -

» - - - - » L ]

- - - - L 2 - - -» L J - L J -» - - L J - -

- - L J - > - -

* ¢ ¢+ & & & a =

-
- - - L] - - -

* L - - - » - - - - . - - - . -

- - - - - " - -

- - [ 3 - - - -

L 4




APPBNDmm L} L . L ] . » L] L] L] L} L] L * [ ] ] . L} ] L} L ] [ » » ’ L} L . L

Appendix A--Detalled Deseription o Mechanism of Oil Containment . .
Appendix B--Detailed Discussion of Lubricating Oil used In the

Test Pr°t°c°li [ ] » L J L] L} L] . ] L ] [} . ] L ] L] . L] » [ L] [ ] [ ] [ ] L ] .
Appendix C--Detalls of Isckinettic Sampling Techniques and Evaluation .
Appendix D--Detailed Discussion of Engine Installed Bleed Air Sampling

Equ!pment L} . . ] [ ] [ ] [ ] ] [} ] [ ] [} [ ] [ L] L} | b . [ ] [ ] [ ] L] L ] L] ] [}
Appendix E--Detailed Discussion of Engine Bleed Alr Test Equipment,

Sampling Systems, and Procedures. . . + « o ¢ o ¢ ¢ s s s ¢ 0 4.
Appendix F--Detailed Discussion of Test Results. « + « « « v + « «
Awend'x G"‘Englneerin&: Tables I N T D T T R T TR T T S A L N B
Appendix H--Garrett Turbine Engineering Company Contaminent

Data Plots L} L ] [ ] [ ] . L] » 4 . [ [} ] . 4 * L] [} ] L ] L J [} [ ] ] [ ] ] [ ]




mmm“u& s e kg A D B o Wt W A g | W e A sy m s R et R N D W M le e oh ¢ s A A g4 W Sl o0 e e o e Ay B i e e o W WA OB B AR e e R

NATIONAL TRANSPORTATION SAFETY BOARD
W ASHINGTON, D.C. 20594

SPECIAL INVESTIGATION RERPORT
Adopted: January 20, 1984 ’
AN EVALUATION OF THE GARRETT TPRE 331 ENGINES
POTENTIAL FOR TURBINE OIL BY-PRODUCTS CONTAMINATION OF AN
AIRCRAFKT CABIN ENVIRONMENTAL SYSTEM

SYNOPSIS

Introduction

A hypothesis presented to the National Transpo‘tation Safety Board investigators
during several accident investigations caused the Safety Board to examine the possibility
that a cracked front mainshaft compressor carbon seal element used In the Garrett TPE-
331 turboprop engine might allow engine ofl to leak through the carbon seal, enter the
engine's airflow, pass through the compressor bleed air systems, and allow toxic or
anesthetic by-products of the oil to enter the alreraft's cabin environmental system.
Further, that the toxic or anesthetlic gases, if any, might adversaly affect the flightcrew's
capacity to control the alrcraft during critical phases of flight, And finally, that the
potential for a safety hazard could extend to all turbine engines using synthetie turbine oil
and supplying compressor bleed air for alreraft cabin environmental ~ontrol.

. _
,
| 3 X .
' f

To test.the validity of the hypothesis, the Safety 3oard formed an ad hoe Special
Investigative Committee. The Committee received technical support from
manufacturers, consultants, and other governmental ager cles who aided the Safety Board
fnvestigators in Investigating the hypothesis. These included the Pederal Aviation
Administration's Civil Atromedical Institnte, Clayton Environmental Consultants, Inc.,
the Department of Energy, the Environmental Protection Agency, Exxon Research and
Engineering Company, and the Garrett Turbine Engine (Company. The contributions of
these organizations included the technical expertise for formulating the tests and the
analysis of the test resuits. As as resuvit of the investigation, the Sefety Board has
aoncluded that contamination of compressor bleed alr by the ingestion of e¢ngine ol Is not
pessible.

The results of a special investigation of the type undertaken by the Sufety Board in
this case are customarily reported in a Group Chairman's: Report which is filed in the
docket of the accident [nvestigation(s). Howaver, this speclal Investigation involved an
elaborate methodology which may be cf gencral interest to the aviation community.

Accordingly, the Safety Board has formally spproved ttis report for publication and
distribution In the Natinnal Technical Information System in order to promotu information
exchange.

Baclgrourd and Test Protocol

The committee reviewed reports of tests and analyses of a range of similar engines
and bleed alr samplirg techniques. As a point of departure, the design philoss>phy and
operational configuration of the sealing around the main thaft of the Garrett TPE331
turboprop engine were studied and evaluated. The sealing in this and other similar engines
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is designed to prevent, at all times, the engine lubricant from entering the compressor
bleed-air path. Two seals are used in the TPE331 to prevent escape of the engine
lubricant around the main shaft, First, a mechanical (carbon) seal {s provided to prevent
leakage if operating oil pressures exceed normal pressures and to prevent potential
leakage that might occur during engine shutdown. The mechanical seal potentially is
subject to wear and damage. Secondly, the TPE331 has a pressurized knife-edge labyrinth
air seal that is specifically designed to prevent passage of air/ofl mist from the reduction
gearbox Into the compressor chamber durlng engine operation.  An important
consideration in this design Is that mechanieal contact of the seal and shaft is not
required to accomplish the pneumatic sealing.

In addition to the shaft seals, a negative air pressure differential of approximately 2
to 3 psig Is maintained betweeii the reduction gearbox pressure and the positive pressure
in the compressor chamber; this design feature is (ntended to cause air to flow into the
gearbox if the shaft seals fail, and the pneumatic sealiny action would theoreticaily
prevent the air/oil mist from escaping the gearbox fnto the compressor chamber,

The chemical composition of synthetic turbine olls also was reviewed and possible
mechanleal, chemical, and thermal breakdown products were identified. A certification
test run on a large high by-pass ratio turbofan engine was of special interest. During this
test, oll was injected into the compressor inlet vthile bleed-afr samptes were taken at the
compressor bleed air discharge port. Carbon monoxide was the only contaminant that
increased significantly; concentrations of unburned hydrocarbons and oifl breakdown
products remained low at comnrescr discharge temperatures up to 851°P. These results
suggested that similar ofl/air concentrations in tile TPE331 would be expected to produce
(1) undetectable or very low concentrations of unburned hydrocarbons and other
contaminants, and (2) carbon monoxide well below permissible limits in the bleed-air.

Using available bavkground information and the theories of sealing design In
turbofan ergines (particularly the TPE231), the committee developed a threefold testing
protocol to answer the following questions: (1) Can oll leak from the engine oll system
into the airflow, either during normal operation or following seal malfunction? (2) Would
the characteristics of this leaked ofl be changed in the engine compressor due to thermal
degradation, volatilization, ete.? and (3) Would these breakdswn products of the leaked ofl
be sufficlently toxic or anesthetic to affect crew performance?

The possibility of oll leakage was addressed in two serles of tests -- one in which
bleed-alr was sampled from a production engine with a serviceable carbon seal, and the
other {nvolving an englne from which the carbon sealing element had been completely
removed. The latter test was considered by the committee to be representative of the
worst possible seal defect, To sample for oll breakdown products, heated ofl was infected
into the air inteke of the operating engine and samples were taken of the bleed air
discharge. The air samples were subsequently analyzed both qualitatively and
quantitatively for potential contaminants. The potential for the breakdown products of
the oil to debllitate a flight crew was &sséssed by analyzing the contaminants for toxieity,
by considering the possible sources of contamination during the sampling, and by |
reviewing the evidence assoclated with nine identified candidate acecldents and one
incident. | -

Results and Conelusions

Results of the Investigation fndicated that the quality of bleed-afr from the TPE-331
turboprop engine i3 not measureably different from the quality of ambient air. This is
true for both a certified airworthy ergine and an engine operating without a front




e i A e e 0 ¢ wman et

[

WA PTG AT s v ey T Bl SR AN A e e s 2 el W S 4o

-3-

matashaft compressor carbon seal element. During engine operation, the pneumatic main
labyrinth shaft seal together with air pressure differentials provided by the design of the
TPR331 effectively prohibited oil from escaping from the engine gearbox into the
compressor alrflow, regardless of the condition of the mainshaft carben seal.

Analysis of bleed-air taken while Exxon 2380 turbine oil was injected into the
engine's afr intake indicated that the oil and its additives underwent no detectable changa
as they passed through the engine's compressor section. No toxie compounde of
significant amounts were found in the bleed-air during any of the engine tests. (The
TPE-331 {s a relatively small, Jow pressure-ratio centrifugal compressor engine. Alr in
the compressor chamber is not subjected to temperatures of sufficlent magnitude and
duration for any significant degradation of oil \if present in the compressor air) to occur.
Purthermore, the chemical compositlon of synthetic turbine oil is apparently not such as
to produce )tox!c or anesthetic breakdown products at the temperature encountered in
these tests.

There was no evidence that toxic ofl contamination of bleed-air could oceur from
damage or other malfunction of the front main shaft compressor carbon seal in the
TPE331. Further, even with ofl contamination of the bleed-air supply, oil breakdown

products were not of sufficlent concentrations to produce toxiec or anesthetic effects on
flight crew members.

As a result of the ad hoe Committee's investigative findings, it is concluded that the
hypothesis concernirg subtle pilot incapacitation due to engine ofil contamination of the
bleed-air supply from the TPE 331 engine entering the cabin aireraft's environmént is
completely without validity.

INTRODUCTION

Through a National Transportation Safety Board investigator's safety proposal
resulting from several accident investigations and reports of engine testing accomplished
by a privata consultant, S8afety Board investigators became aware of a hypothesis with
safety implications warranting a special investigation. The hypothesis concerned the
Garrett TPE331 turboprop engine (See figure 1) and suggeated that a eracked front main
shaft compressor carbon seal element 1/ might allow engine oll to leak through the carbon
seal and enter the engine's alrflow path. The hypothesis further suggested that toxie or
anesthetie gases might then be released from the compressor bleed air port into an
aircraft cabin environmental system, and the gases might adversely affeet a crew's
capacity to contral the alreraft during eritical phases of flight.

17 Two seals are used in the TPE331 engine for engine oil containment and to prevent the
oil from leaking from the reduction gearbox into the engine inlet, passing into the
compressor chamber, and potentially econtaminatirg cabin bleed air. The first seal is the
front main shaft compressor seal assembly. This type of seal Is necessary to prevent oil
leakege when the cngine Is not operating or is operating at higher than normal oil
pressures. The secord secal s a rotating labyrinth seal which is pneumaticeally pressurized
to approximately 26 psi at the inner knife edges. (This type of seal has no sealing
capability )to prevent angine oll from exiting the reduation gearbox when the engine is not
operating.

P O?lgcontalnment also is accomplished by pneumatic sealing consisting of a negative
pressure of approximately 2 to 3 psi Inside the reduction goarbox with respect to
atmotpherie conditions. A detailed discussion, including illustrations of the foregoing
components used to aceomplish oll containment is presented in appendix A. A discussion
of the design philosophy, the operationa. configuration, and the potential failure modes Is
also {nsluded in appendix A.
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Figure 1.--TPE 331 turbop.op engine.

In view of the potential npplicability of the hypothesis to all turbine engines using
synthetie turbine oll and supplying compressor blecd air for aireraft cabin environmental
purposes, the Safety Board formed an ad hoe Speclal Investigative Committee. The
committee received technfeal support from other governmental agenncies and
manufacturers whose oxpertise and facilities alded the Safety Board investigators in
investigating the hypothesis.

The committee revlawed reports of similar tests and analyses that had been
conducted on other engines in order to gain as much background information as possible on
alroraft bleed-air contamination. The committee reviewed the chemical ecomposition of
synthetic turbine olls to determine thelr general chemical camposition and to identify any
potential breakdown prosiucts of synthetie turbine oils that might oceur during operation
~of the engine. Additionally, the committee conducted twe series of tests on a QGarrett
TPE331 engina to develop more complete data on the performance of the compressor seal
and the effects of the engine compressor's operating environment on synthetie turbine oil.
These tests were specitically designed to investigate the potential for oil leakage through
a ecracked front manshaft compressor carbon seal and the possible release of toxiec or
anesthetic gases {nto the compressor bleed-air from ofl entering the compressor chamber.
Pinally, veports of ¢ight fatal acoidents and one nonfatal accldent were reviewed to
determine whether or not these accidents could have been caused by incapacitation of the
pllots by voxie by-products of turbine engine ol].




-5-

APPLICABLE AIRCRAFT ENVIRONMENTAL SYSTEMS

The results of this test program are applicable directly only to aireraft that use
Garrett TPE331 engine compressor blend air for their cabin environmantal system(s).

DISCUSION OF POTENTIALLY RELATED AiRPLANB ACCIDENTS

Nine accicdents and one incident involving the possibility of pllot Incapacitation
occurred from 1979 through 1981 which resulted in the destruction of nine airplanes and a
total of 38 fatalities. These accidents {nvolved Mitusbishi MU-2 alirplanes and four other
models of alrplanes all of which were equipped with Garrett TPE331 turboprop engines.
The clrcumstances of these acaidents wero similar and were, therefore, reviewed to
determine if subtle pllot incapacitation from oll fumes entering the airplane's cabin
environment might have been a factor in these accldents. Eight of the accidents oceurred
on or near the fingl approach, and some involved abnormal or erratic movemenis of the
afrplane. Several of these aceldents occurred in marginal weather conditions, such as
rain, snow, fog, and darkness. Only one accldent Involved an engine failure; the airplane
burned as a result of the accident. In one accident, the airplane continued to climb and
repeated attempts to contact the pilot were unsuecessfuly the airplane crashed into the
Atlantie Ocean and was not recovered.

The accidents and incident sre {dentified in table 1, Since the results of this special
investigation indicated that oil fumes from a leaking carbon seal in a Garrett TPE331
engine could not enter the aircraft's cabin environment, the possibility of a

craclzkedmroken compressor front main shaft carbon seal was dismissed as a factor in the
aceldents,

Table I.--Aceidents investigated for pllot Ineapacitation.

<
o

Date lbcatlon Alrplane Registration No.

8/3/19 Hays, KS Mitsubishi MU-2B N208MA
11/1/79 Nashville, TN Mitsubishi MU-2F N8730
12/21/79 Provo, UT Mitsubishi MU-2B N2-OBR
1/11/80 Atlantic Ocean Cessna 441 N441NC
2/14/80 Near Houston, TX  Mitsubishi MU-2B N348MA
2/23/80 New Orleans, LA Mitsubishi MU-2B NS62MA
12/6/80 Ramsey, MN Mitsubishi MU-2Q N96OMA
12/16/80 Richmond, IN Mitsubishi MU-2B-30 NS3UM
1/7/81 Burns, OR Aero Commander - N81521

4/22/81 Alpens, MI Mitsubishi MU-2 N8JS

BACKGQROUND AND 1'EST PROTOCOL

QOO IR WD -

Baclgrround

Background Survey - Other Engines and Testing.--A review of engine and airframe
experience was made to identify any previous testing that had been conducted on oll
decomposition in turbinc engines and the types of bleed air sampling techniques employed.
Of special interest was a certification test that was conducted by a major engine
manufacturer on a large turbofan engine used in wide-bodied alr carrier airplanes. In that
test, oll was injected Into the compresser inlet while bleed air samples were taken at the
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compressor discharge bleed port. The bleed air samples were enalyzed by & labo-atoery
utilizing a gas chromatograph (CC)/mass spectrometer (GC/MS). 2/

A number of bleed air contaminants were tested for carbon monoxide (CO),
unburned hydrocarbons (C, - C,), and oll breakdown products. During the testing, an oil
breakdown product level g?eatenci than 0.5 parts per million (ppm) was rever detected. The
maximum level for unburned hydrocarbons was two (2) ppm. The only significant
contaminant increase noted was CO.

Figure 2 shows thie relationship between bleed air temperature at the turbofan
engine's 16tls stage compressor bleed port and the detected CO level obtained when oil
was [njeoted at a rate of 12 gallons per hour, Below approximately 600°F, no CO
concentrations above ambient were noted. At 851° P, 49 parts per million (ppm) of CO
were present. The CO levels varied as a function of the compressor discharge
temperature. However, even with a 12-galion per hour oll injeetion rate during the
certification test, the maximum CO level of 49 ppm was below the 50 ppm prescribed
Hmit of the Pederal Aviation Administration (FAA) (14 CFR 25.831(b)1) for passenger and
crew compartment and the Occupational Safety and Health Administration (OSHA) limit
for a 40-hour work week based on an 8-hour dally exposure. The FAA's permissible upper
limit for CO level occurred at a compressor discharge temperature approximately 170° P
higher than the 880° ? (standard day) compressor discharge temperature of the TPE331,

Considering these data, and the 680° F compressor discharre temperature in the
TPEI31, oll/air concentration in the TPE331 at the same lovel as tie tested engine might
be expacted to produce no detectable unburned hydrocarbons, no detectable ofl breakdown
products, and approximately 19 ppm CO in the bleed sir. Nevertheless, {t was deemed
necessary to conduct similar testing on the TPE331 main engine to determine: (1) if oft
would leak into the engine alr flow through a compressor front shaft seal with a cracked
carbon vlement and (2) with a known amount of oil injected Into the alr Inteke, what, if

any, measureable oil and ol) breakdown products would appear in the bleed alr discharge
from the compressor,

Desaription of Lubricating Oil Used in the Test Protocol.~-Exxon Turbo Ol 2380
(ETO 238D) ‘s an ester based aynfﬁeiic turbo ofl.” Esters are synthesized from a family of
aleohols known as polyois and low molacular veeight fatty acids. In addition to the esters,
a finished lubricant will contain antioxidants, additives to prevent corrosion and

tricresylphosphate which serves as an antiwear agent. This brand of oll was chosen for
these tests since this oil is the most widely uged turbo oll in small general aviation turbine

2/ Gas chromatography (GC) is an instrumental method of analysis for the separation,
{dentification, and quantification of the elements of volatile mixtures. "Permanent” goses
(such as oxygen and carbon dioxide), volatile liquids, and pyrolyzed (chemical
decomposition by heat) solids can all be separated by gas chromatographic techniques.
The principles of gas chromatographic methods of analyses are discussed in numerous
books and articles published on the subject. A basie deseription of the technique appears
in a book by Walker, Jackson and Maynard entitled, "Chromatographic
Systems - Maintenance and Troubleshooting,” Asademie Press Inc., New York (1977).

The major functions of a mass spectrometer M/S include (1) fonization of the
molesules in the sample, (2) separation of the fons according to their mass to charge ratio
(m/z), and (3) measurement of the relative abundance of each fon specles for a givan m/z
value. The sampla s Introduced into an fonizing chamber, The fon fragments ara
accelerated and separated In & mass anelyzer. The fragments then separate Into thelr
mass molecular weights according to thetr abundance.
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engines, and the oll {s typically representative of all turbo olls that are certified to
conform to the test requiremen:s of Military Specification MIL-L-23699C. A more
detailed discussion of this oil is provided in appendix B.

Test Engine Description.-~The TFE331-10-501M is a single shaft, turboprop ¢ngine,
capable of developing 1050 shaft horsepower. In flight, the engine operates at a single
rotational speed with the oropeller rotating at 1,591 rpm. The mafn shaft of the engine,
on which the compressors and turbine are mounted, rotates at a constant speed of
41,730 rpm. Normal bleed afr pressures and temperatures are approximately 157 psi and
(8?)0‘/’1’ a)t the above conditdions, Thc normal engine alrflow is 7.8 pounds per second
ius/sec.

Test Protocol

Test Organization.--In order to determine if the hypothesis presented in the
introduction of this report was vall¢, a basic test protocol was daveloped at a coordination
ineeting that was held at the Garrett Turbine Engine Company, TChoenix, Arizona, on
June 11 and 12, 1981. Participants at this meeting included the Safety Board ad hoe
Special Investigative Committee and reprsesontatives of th.. Civil FAA's Aeromedical
Institute (CAM!), the Department of Snergy (DOR), the Garrett Turbine Engine Coirpany,
Mitsubishi Afreraft International, Ine., oand Exxor Compeny, U.S,A.

The test protocol was conducted at the Garrett Turbine Engine Company during the
week of July 20, 1981, Participants at the test protocol included representatives from the
Safety Boards ad hoe Spectal Investigative Committee, CAMI, DOE, the Environmental

Protection Agency, (EPA) Western Region, the Garrett Turbine Engine Compsny, Clayton
Bnvironmental Consultants, Ine., Mitsubishi Aircraft International, Ine.,, Exxon Company,
U.8.A,, and Exxon Research and Engineering Company. Observers to the test protocol
included representatives from the Cessna Afreraft Company, Rexnord Incorporated, and
American Avlatfon Services Corporatior. Since the test protocol was designed to obtain
data for toxicological evaluation, the CAMI representative was requested to Junction as
the test coordinator to insure that the test data would be suitable for toxicological
evaluation.

Development of the test protocol and analysis of the data obtained involved experts
in the sciences and specialties of analytical and organie chemistry, chemical and
mechanieal instirumentation, mechanicel engineering, industrial hygiene and medicine, and
toxiculogy. Since the equipment needed by the experts to anslyze the data was highly
varied, it was necessary that the bleed-air samples be taken by the participating parties
to their respective laboratories, where the samples were analyzed and the data
interpreted and reported. The reported data were cross-reviewed by the Group Chairman
and the other appropriate members of the groups that participated in the {nvestigation.

Additional Independent verification of these data were provided by the CAMI end the DOE
representatives. .

Test Rationale ~ TPE331 Engine.--The raticnale of the test protocol was to
Investlgate the hypothesis that toxie or anesthetic gases could be generated from engine
oil that leaked into the engine airflow through a broken seal and that thess gases might
adversely affeet the crew's capacity to control the alrcraft during coritical phases of
flight. For this hypsthesis to be valid, two separate and distinot conditions would have to
occurs
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Oil would have to leak from the engine oll system fnto the engine
airflow.

Oil which entered the engine afrflow would have to undergo some change
due to the conditions in the engine and would have to enter the
compressor bleed air system. Further, the oil or the decomposition
products would have to be toxic or anesthetie and present in sufficient
quantities to adversely affect crew performance.

The test and analysis program was developed to answer the following qr.lést!onss

L. If the carbon elemsnt compressor seal in the TPE331 engine Is damaged,
will the ofl in the reduction gearbox leak *hrough the seal, enter the
engine's airflow, and be discharged from the comprassor bleed afr port?

If oll enters the engina compressor section, would any changes oceur to
its charaoteristios by volatilizetion, thermal degradation, oxidation, or
any other process? |

If the cenditions in the engine compressor section are such that changes
can oceur in the oll, will any of the material produced have either a
toxic or anesthetic effeot on the occupants of the afreraft cabin?

To determine the answers to the above questions, the tests were designed and were
divided Into twc major serles--the first involved use of a production eagine with a
eerviceable carben seal, and the second Involved use of an engine from which the carbon
sealing element had baen completely removed. The latter test was considered by the
committee to represent the worst possible seal defect., A further test was undertaken
during the first serles in which heated oft, identical to that used in the engine, was
injected Into the air Intake of the operating engine. This testing was undertaken to study
the effeots of oil infeation on bleed &ir quality. ,

Consideration was glven to use of an isokinetic sampling 3/ technique; however,
since the vapors and gases would not undergo stratification, and because synthetic
aviation lubricants are ash-free, It was expected that particulate matter would not form.
While Isokinetic flow rates may have been achjeved during these tests, no specific effort
was made to malntaln isokinetie conditiors, since these conditions were not deemed
necessary. A more detalled discussion of this rationale is In appendix C.

Cracked Seal Test Configuration Evaluation.~-During the coordination meeting of
June 11 and 2, 1981, an evaluation was mede to determine the optimum seal
configuration to be used during the second bleed afr test. The objective was to simulate
the seal condition which was most likely to result in an ofl leak past the seal. Since the
test objective was to determine what occurs when a carbon seal eracks, a suggestion was
made that a cracked seal be simulated by cutting the carbon elament of an Intaot seal.

3/ Tn order to achleve isckinstio sampling, it I3 necessary that the mass flow within the
stream being tampled be the same as the flow rate within the sampling probe.
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A review was made to determinc the width of a cut that would most likely result in
oil leakage past the seal. The evaluation indicated that with a cutl seal, the air path into
the reduction gearbox would remain partially restricted, and the ofl scavenge pumps would
be able to mainta.n some negative pressure in the reduction gearbox. Thus, the narrower
the cut, the highe the pressure differential across the seal, which would result in a higher
aleflow veloeity through the erack in the seal. PRinally, the higher the alrflow velocity,
the more difficult it would be for oil to pass through the crack. Thus, it was determined
that the condition most likely to result in oil passing the seal was the condition with the
carbon sealing eleent completely removed. Removal of the seal element would result in
the lowest differential pressure across the seol, which would result in the lowest airflow
veloeity through the seal, as well as offer the inaximum area for potential ofl passage.

The following question was also evaluated: Would complete l:'émove.l of the seal's
carbon element eliminate any potential for seal/rotor contact at the g‘dge of the crack to
mechanieally chuse or allow oll to pass through the seal? '

As a rasult of this inquiry, it was deterinined that since the er~ckeq carbon element
was stationery and tha rotor was turning, no mechanical ofl transfer (ofl pumping) action
would occur. ). was determined that this action was further prevented by the centrifugal
(slinger) aation of the rotor face. It was, therefore, decided that the seal confizuration
with the carbon element completely removed was the one most likely to result in oll
leakage pas’. the seal. Consequently, this configuration was the one sulected for testing.
Figure 3 shows a comparison of the differences in configuration betwaen a normal seal
assembly and & seal assembly with the carbon elemeit was removed.

! ssomb
(8) Norma! 8aal Assembly EXPANDED VIEW

g 3

Atcessor,
Gearbox
Housing
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Test Engine Configuration.--A certified production configuration TPE331-10-501M
engine, serlt]l number Pd‘ %ﬂo, shown In figure 4, was drawn from the Garrett engin: stock
for the teriing. N> modifications were made to the engine for the first test serfes. For
the secon' test seriey the engine's front main shaft compressor carbon seal ciement and
assoclated internal components were removed. The engina was installed in an outdoor
test stand that was located about 300 feet from =n active runway. Hartzell
HC-BATN-50L propeller was installed on the engine. The engine and the bleed alr tesc
apparatus are shown In figure 5. One perceat of the engines normal alrflow of
1.2 1bs/sec. was bled from the compressor bleed port for the bleed air contamination
tests, :

0.l Injection Test fatup.-~For the purpose of the oll injeation tes(, an ofl injection
probe was mountfed on the engina Inlet (See figure 4) to allow injection of ofl directly into

the engine airflow. The tip of the probe was positioned so that the injected ofl would
implinge vpon the hub of the first stage compressor impeller. This pocttion was selected to
simulate leakage at tho compressor bearing. This is the only possible oil entry area {nto
the compressor bleed air flow path, assuming that the structural integrity of the reduction
gearbox has not been compromised. _

The oll for injfection was retained in a heated oll supply tank and was pumped to the
Injaction pr -He through a series of valves and calibrated orifices that allowed control of
the ofl flow rate. The oil was heated to its normal operating temperature in the accessory
gearbax,

Engine Installed Bleed Air Sampling Bquipment.--A normal alreraft (Mitsubishi)
bleed alr flow control sonlc nozzle was used to extract the bleed alr from the aireraft
~ bleed air tube. (See figure 5.) The nozzle was calibrated to provide a cross-cheek on the
amount of alr that was bled. The airframe anti-lce port was capped since this port was
not used during the test. A detalled deseription of the aystem is presented in appendix D.

Condensed Review of Test Serles.--The air sampling measurements were
acconplished by Garrett Turbire Engine Company, Clayton Rnvironmental Consultants,
Inc., who provided technical consultation to Garrett Twrbine Engine Company, Exxon
Research and Engineering Company, & 1d the Environmantal Protection Agenay.

The test program consisted of conducting two engine test serles with appropriate
instrumentation. In all of the tests, the engine was operated at a rotor speed of
41,730 rpm; engine operational parameters and test data were obtained and recorded.
(See table I1.) A tabulation of the various sampling techniques that were employed by the
Garrett Turbine Engine Company, and Engineering Company, Clayton REnvironmental
Consultants, Inc.,, Exxon Research and Engineering Compeany, and the Environmental

ll’rot;gfi!tlg? Agenoy, for each of the test data points for the two test series are presented
n e Il.

The Series 1 tests were conducted on July 21, 1981, and were designed to investigate
the effect(s) of oil ingestion on bleed alr quality. Following preliminary tests of engine
Inteke alr and bleed air from a normal engine, blvad air was sampted while Injeating RTO
2380 turbo ofl direotly into the engine inlet. Oil flow rates ranging from 2 to 12 pounds
per hour (lbs/hr) were used, followed by a separate test using a 12 lbs/he {njeation rate,
which represents the rate that would consume the entire engine ol supply in 1 hour. The
oll flow rate of 12 lbs/hr gave an oll/air concentration 2.6 times greater than that used in
the earlter discussed background survey turbofsn tests where 12 gallons/hour (86 Ibs/hr)
were injected into the compressor. The bleed air was sampled continuously throughout

the iInjection period and very sansitive instruments were used to search for bleed afr
contaminants,
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Figure 4,--Engine test configuration,

Serfes 2 tests were conducted on July 22, 1881, £ were designed to Investigate the
possibility that engine oil might pass through a cracked y~ont main shaft compressor seal
carbon element and then enter the engine airflow. In these tests, the entire carbis
sealirg element was removed so that the worst condition to promote oil leakage might be

| inv?stlfated. The engine was run for 1 1/2 hours while the hleed air was sampled as in
Series 1 tests.

[ ]

Since the sampling and analytical methods employed in the foregting tests were
chosen to realize maximum sensitivity in measuring for aitborne contaminants, the quality
of the amoient air Ingested by the turboprop engine had to be considered. For this reason,
samples of the amblent alr ?wlnd of the engine's intake were taken using the sante
methods as for bleed alr sampling. Throughout 1l the tests, Clayton sampled the umblent
air at the test oell's fenceline (fenceline ambient) approximately 20 feet in front of the
engine. These tests were made to determine the nature and quantity of contam!nants
belng Introduced in the amblent alr thereby allowing for thelr exelusica from any
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Figure 5.~-Engine and bleed air test installation.
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Table Il {con't).--Engine operational parameters and test identification data.
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contamination found in the bleed air. Additlonally, Clayton's samples were drawn from a
glass manifold in a similar fashion as those of the engine bleed air. The results of analysis
of these ambient air samples were compared with those from the fenceline ambient
samples to determine if the glass manifold testing system contributed or retained
contaminants in the air reaching the sampling media.

Lubricating oil which may have undergone decomposition would be expected to
exhibit physical and chemical properties different from the undecomposed ofl. Samples of
oil m:st taken durlng Test 3 of the Serles 1 tests (oll injection tests) were colleated to
study the chemical composition of oil which had passed through the engine's compressse
sections, Such samples would also provide an indication of the degree of bleed air
contamination caused by additives, such as trieresylphosphate (TCP).

Bleed A.: Sampling Methods and Procedures.--This section provides a condensed
review of the sampling methods and procedures that were used for the test serles. This
section also econtains & discussion and an evaluation of the test results. Flgure 6 shows an
overall view of the Exxoen, BPA, and the Clayton bleed air sampling systems. Figures 7
end 8 are schematic represcntations of the bleed alr sampling systems employed by
Cltgveton EBnvironmental Coasultants, Ine,, and Rxxon llesearch and Engineering Company.
A deta.led discussion of the sampling systems and |rocedures that were employed Is
E)rovlded in appendix F. Additionally, a detailed discussion of the test results is contalned
n appeniix F,

Garrett Turbine Engine Comban 's amission analytical equipment (mobile gas

analysis unit) is permanently mounted in an automotive van. The van was positioned
adjacent to the engine test cell, A stainless steel bleed alr line extended from the bleed
air manifold through a metal container containing a glass wool liquid/vapor separator
filtor, and Into a heated line that led from the test cell Into the van. Bleed alr could be
sampled continuously and analyzed In this system, A propane probe was m.unted in front
of the engine air inlet to provide a means of introducing propane, at will, into the inlet to
test the response of the analytical Instruments to a given surge of a hydrocacbon, Thus,
the ability of the gaseous contaminants to pass freely through the glass wool liquid/vapor
separator fliter was demonstrated frequently during the testing by injecting propare«
directly into the engine inlet aleflow which showed up immediately on the flame
lonization deteetor 4/ (FID) reading. The injeation of propane atlowed veriflcation of the
PID system operation during periods of very 1.,w readings, This probe Is shown in figure 4.
The effect of liquid contamination on the rample lines is shown In test 3g when the glass
wool Hquid/vapor separator filter was removed and an oll infection rate was established.
If the FID readout gave a positive reading with no change in the CO and carbon diox o
(CO,) levels, it would demonstrate that the oil had passed through the engine and into  *
\blee?! air system with no change In composition,

Clayton used a series of collection methods. For the most part, amblent alr id
bleed air were passed into a manifold. Samples were collected from the manifc by
adsorption onto adsorbent materials which consisted of Tenax, §/ activated chare - or

4/ "X flame Tontzalion detector is an eleotronic instrument in which the sample gas  pass
through & flame sustained by regulated flows of alr and a premixed hydrogen/dilue. . fuel
gas. Within the flame, complex fonization processes oceur which are relatable to the
presence of unburned hydrocarbons In the sample heing analyzed,

5/ Tenax Is a polymerie material that is widely used in environmental alr sampling
peocedures. Contaminants {n the sampled air are Physleany adsorbed on the surface of

the adsorbent materlal and are then " .:ar desorbed for analysis,
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EXXON's equipment is in the foreground - _ .
followed by EPA and Clayton equipment. . |
Garrett's equipment van is not visible
and is located to the right of the ‘
visible equipment.

R o e

at Figure 8.--Overall viow of Exxon, EPA
3 and Clayton bleed-air sainpling equipment.

Tenax and activated charcoal packed In serles in tubes. Sampling for aldehydes was - -'

carrled out by bubbling the air through a sydium bisulfite solution. Amblent air was !
sampled primarily by use of adsorption In Tenux columns. For tests 3a, b, ¢, d, ¢, and {,
bleed alr was direated through prewelghed membrane filters used for sampling oll mists.
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Figure 7.-~-Schematic of Clayton's inlet and bleed-
air sampling =7stem.
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Two methods of ambient and bleed air sample collecting were used by the Exxon
Research and Engineering Company. The first method employed was cryogenic trapping
which consisted of passing the bleed alr stream through two glass traps cooled to -78°C
(~108°?), This method has been used praviously by Exxon to trap decomposition produats
of oll for analysis. The second method employed was to pass the air stream through a
packed column of Tenax which removed contaminants from the air.

The ambient and bleed air that were sampled by the Environmental Protection
Agency were passed at a contrelled rate from the samgle lines through tubes containing
Ten~v. Sampling was continucus throughout the preseribed sampling period of each test.

Conviuct of Tests

Series } Tests.~~The following tests were conducted on July 21, 1981

Tests 1 and 2

Tests 1 and 2 were considered to be representative of ambient or baekground alr
conditions. These tests were conducted with the front main shaft compressor carbon seal
element installed in the test engine.

Test 1 was designed to test ambient or background ‘ir for contaminants in the air
entering the engine intake. No oit {njection was performed during this test. While the
engine was running, air was sampled for 80 minutes through a probe mounted on the test
stand. After test 1 was .ompleted, the engine was stopped and lines were changed so that

compressor bleed alr could be sampled. The engine was then started, operated a few
minutes, and then compressor bleed alr was sampled for 90 minutes. This test was
designated as test 2 and represented compressor bleed air from a normelly operating
TPE331 with an intact seal.

Test 3

This was a compressor biced air oll mist sampling test with a standard front main
shaft compressor seal installed. This test was designed to simulate an engine operating
with u sizeable oll leak into the first stage of the compressor. Lines from the previously
discussed heated oll supply tank containing ETO-2380 turbo oil at 160° P led to en
injection probe that was mounted so that the injected oll could be directed into the air
inlet and would impinge directly upon the first stage compressor impeller. (See figure 5.)

The engine was started and operated to achieve a steady stall condition. Then
graduated ol infections at 2, 4, 8, 8, 10, and 12 Ibs/hr were made progressing from lowest
to highest rates. While the engine was running, ofl injection was begun, and after a few
minutes of operation to achfeve a steady state, bleed air sampling was carried out for a
perlod of 5 minutes during each level of oll injection. After the graduated serles of oil
injeotions were made, the engine was stopped and the glass wool filter in Garrett's
sampling lines was removed. The engine was restarted, run for several minutes to achieve
a steady stall condition, and then ofl was injected at a rate of 12 lbg/hr. After a few
minutes of operation, bleed air sampling for airborne oll decomposition products was
carried out for 15 minutes. This terminated the sampling in the Series 1 tests,

W i eI St WA BoAldm g . it A - % e e————

s f | '
4 1
Y . N

w




LE .
Y - v
i H_ 1 onii .

‘ N -, " ! i e . A "'m . g
5 ,ﬁn&W By 2 W At W * e o eeme o n e . W wermd e m .o . e e ., L a P L IR T P R R Y it B o !

«-21-

During the foregoing tests, Garrett's or ‘ne analytical trafn was used to sample
bleed air at all levels of oll infeetion. Clayto.. .iso sampled at all lavels of injection by
using a 37-millimeter cassetted in-line membrane type millipore filter system to obtaln

oil mist samples direotly from the stainless steel sample transfer line. This line drew
unfiltered bleed air from the engine-installed bleed air collector.

Series 2 Tests

Test 4

This test was designed to simulate engine operation with a defective carbon seal.
Overnight, the engine was disassembled and the standard front mainshaft compressor seal
assembly carbon element and the seal's internal components were removed from the
engine and replaced with an empty seal retainer. The engine was reassembled {n
preparation for tests to simulate operation of an engine with a defective seal. On the
morning of July 22, the bleed gir lines were cleaned with Freon und the engine (after
having been stopped to tighten housing bolts) was run 5 minutes with the sample lines
open to remove any contamination that might have occurred during an overnight dust
storm. Once the engine had been running for about 15 minutes, sampling was begun and
continued for 90 minutes with the engine running continuously. The engine was then shut
down to allow the residual oil to collect in the accessory gearbox, after the normal ofl

scavenging process had ceased. The oll that passed through the seal retainer was then
collected and measured.

Test 5

This test was designed to simulate a "dirty" startup of an engine having a leaky or
defective carbon seal which allowed oil to drip into the air inlet and onto the ground. It
was accomplished In two steps, 5a and 6b, In both tests, the engine was operated in the
same configuration as in test 4. No bleed alr sampies were obtained during test 5a. For
Test §a, the engine was started and operated for 10 minutes in order to clean the inlet.
The engine was then shut down to allow ofl to drip and accumulate into the air inlet, in
preparation for a "dirty start" (Test 5b) test. Test 5(b) consisted of starting the engine
with the ofl accumulation in the inlet and collecting bleed alr samples for 10 minutes
Immediately after the engine was startad.

The ongine was then shut down and the propeller unfeather pump was activated in
order to demonstrate that an increase of oil drippage into the Inlet as the ofl level rose
occurred. This was accomplished to assure that no metal to motal contact existed

between the seal retainer and seal rotor and that no type of mechanical sealing action was
gresent,

Analytical Procedures,--Garrett Turbine Engine Company used an on-line analytical
train in both serles of tests with the exception of test 2. The train consisted of a FID
with a glass wool liquid/vapor separation filter in the test line. The above discussed glass
wool liquid/vapor separation filter was installed to prevent liquids from entering and
contaminating the PI and the nondispersive infrared analyzer (NDIR) 8/ sampling lines.
This allowed testing for only the gaseous contaminants {n the bleed afr. Ambient and bleed
alr were sampled and analyzed continuously for unburned hydrocarbons by use of a FID.

8/ A nondlspersiva Infrared analyzer is used in monitoring for certain gases {n 'the
detection and control of pollution. The analyzer is an optical instrument designed to
monitor the concentration of a single component {at a selected wave length) in a
multicomponent stream or environment.
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Carbon monoxide and CO, were detected by M:''R analysis, and oxides of nitrogen were
determined by chemilumifiescence (emission of ught during a chemical reaction) analysis.
Appropriate gases of known concentrations were used to calibrate and maintain
calibration of the analytical instruments.

Qualitative analyses were performed by Cluyton Environmental Consultants, Ine., on
the Tenax-activated charcoal tubes for adsorbed materlals by using GC/MS techniques and
further by employing thermal desorptlon followed by purging and trapping (eryogenie
fmusi@. Known compounds 7/ were introduced prior to the analysis of the bleed air
samples In order to control the Tntegrity of the sample.

Samples were quantitatively analyzed by Clayton Environmental Consultants, Ine.,
for total hycrocarbons by GC and were reported as parts per million caleulated as normal
hexane (N-hexane (C8)) as a comparative reporting standard. Oil mist samples from test 3
were quantitated as the difference of the pre-test and the post-test weights of the ofl
filter. Two filters were analyzed for tricresylphosphate, and samples of bleed air were
analyzed for p-cresol and formaldehyde.

Equally divided parts (aliquots) of vapors and the liquid phase from the aryogenic
traps were obtained by Exxon Research and Engineering Company after the traps were
equilibrated to room temperature. The aliquots were analyzed in a GC using a FID and
were quantitated by using organic standards that were processed similarly. Constituents
were desorbed from the Tenax tube by heating the tube in the presence of a carrier gas
purge. The desorbed coustituents were carried direetly into & GC. Desorbed materials
were compared to selected organic components which had been simlilarly adsorbed and
desorbed from Tenax traps.

In the Environmental Protection Agency's laboratory, the adsorbed constituents on
the Tenax cartridges were thermally desorbed at approximately 250° C while eontinuously
flushed with hellum gas. The purged organic vapors were collected in a trap c. sled with
liquid nitrogen. The sample was then heated to 200° C and entered into a GC/MS which
was used to separate and identify compounds that hag been adsorbed on the Tenax
cartridges.

TEST RESULTS AND EVALUATION
Garrett Turbine Engine Company

A tabular summation was prepared of the measured values of contaminants detected
in the bleed alr samples. The summation is presented in table 1V. These contaminants
convisted of unburned hydrocarbons, CO, CO,, and oxides of nitrogen. The values listed
are approximate due to the very low levels p%-esent in most samples. The data plots of
these measured values are located in appendix H and are designated as figures B through
H, J1 and J2, K1 through K6 and L; interpretations of several of these data plots are
presented in appendix Q. .

An evsluation of the Garrett Turbine Engine Company test data showed that there
was no detectable differences in air contaminants above ambient levels during tests 2

through 3f. When the glass wool fliter was removed, the unburaed hydrocarbon level
increased substantially without an inerease in CO, 002, and Nox, indicating that the

7/ The terms "compound(s)" and "eomponent(s)" are used in this report. Compounds refer

to a definite chemleal identity, Components are considered parts of specific mixtures.
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Table 1V.-~Bleed air constituent elements tabular summation (ppm).

Test Figure
Condition Number HC co co,

Ambient
Alr B 2% 3.8

Bleed Afr
No Oii C 3*

2 Lb/Hr
Oil 3.8

4 Lb/Hr
Oll 3.0

6 Lb/Hr
Oil 3.0

8 Lb/Hr .
Oil 3.0

10 Lb/Hr _
Oil 3.0

12 Lb/Hr
Oil

12 Lb/Hr
No Filter

No Seal

Eugine Run
Only . -

Dirty 2 to20 ppm
Start

* denotes "less than,"
*# indicates that the system was contaminated with oil.
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hydrocarbon originated from liquid off in the sample lines, The results fndicated that
essentlally the same hydrocarbon levels were detected in the bleed air as in the ambient
air except during ofl injection into the alr inlet with the in-line glass woo! filter removed
or during a "dirty" start. In the latter case, values of alr contaminants rapidly returned to
previously cbserved levels as the engine was run,

Clayton Environmental Consultants, Inc.

During test 3, oil was collected on the membrane filters progressively trom 0.35 mg
to 8.51 mg which corresponded to the graduated amounts of oll that were injected into the
air inlet of the engine. The quantitative results, expressed In ppm, were obtained by
GC/MS and are presented in table V below. Comparative ambient fenceline alr samples
were also obtained which related to test 1, tests 2 and 3, and tests 4 and 5. These values
are shown in parenthesis adjacent to the applicable group of tests.s

Table V.--Quantitative Results {Clayton)
Total Hydrocarbons P-Cresol , Formeldehyde

gpm pRm ppm

0.04*  (0.02) 0.03¢ (0.02%) 0.01% (0.005)
0.02*  (0.08) 0.02* (0.007*) 0.008 (0.007)
0.03# 0.01* 0.05
9.03‘ (0-007) 0002* (0.003') e
2,0 0.2¢ 0.07+

*denotes "ess than"

All of the compounds that were qualitatively ldentified in the bleed air samples
other than Freon were also identified in tho ambient air sample.

No tricresylphosphate (para or ortho isomers) was detected in the 0. mist samples
(test 3 ¢ and f) at the limits of the analytical procedure used.

The hydrocarbons obteined from bleed air samples in all tests varied from 0.02 to
2.0 ppm, expressed a3 n-hexane. The analyses did not indicate the presence of any cresols
(possible breakdown products of tricresylphosphate) at the limits of detection for the
sampling and analytical methods employed. The levels of formaldehyde (a possible
oxidative product in the degradation of oll) were less than tha detectable limit of 0.5 ppm
~ of the method used.

An evaluation of the Clayton Environmental Consultant's, Inc., tests results
indicated that no measurable variations oceurred in the quality of the bleed air when
qualitatively compared with the alr entering the engine intake. Additionally, the results
indicated that nefther oll, nor any of its additives underwent significant degradation when
passing through the engine's compressor section.

Exxon Research and Engineering Company

The extremely low concenteation of the hydrocarbons that were detected prevented
& positive identification of the Individual hydrocarbon components. It was possible in
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Some casus to rule out certain materials since the materials were run as standards fn the
GC study.

A list of the total organie components that were coltacted in the eryogente traps is
presented in table VI. These components are expressed in ppb and ppm.

Table VI.-~Analysis of Cryogenie Traps (Exxon)

Collected Perfod Total Organie Components, ppb
(Minutes) ppb ppm

60 7.2 0.007
80 31.6 0.032
15 27.8 0.028
00 14 0.014
10 2.8 0.003

* Represents analysis of front trap only,

Two components of compressor bleed alr were collected in the Tenax traps: the
lovel of these components found in the intake and the compressor bleed afr were not
significantly different and were identified s Freon and Methanol. Samples from tests 4
and 5 had significantly high levels of a compound with a retention time corresponding to
that of the Freon which was previously used to fiush out the sampling lines. No other

components of significance were found.

Acrolein, benzene, toluene, and xylene were not present fn any of the samples.
Isopropyl alcohol and Freon TR were present and were considered artifacts of the testing
and collection procedures. Analysls of materlal adhering to the wall of the glass wool
trap was analyzed as ET0-2380 turbo oil. This indicated that unchanged oll had passed
through the sampling lines.

An evaluation of the Exxon Research and Engineering Company's analytical data
indicated that any ET0-2380 turbo of] decomposition products that were deteated were
present only in ppb concentrations. REven though the maximum compressor discharge
temperature was about 726° F, the oll was oxposed to this environment only for a matter
of milliseconds which did not result in any apbreciable degradation.

Environmental Protection Agency

The Tenax glass tubes used to adsordb materials from the alr in the sampling lines
were damaged during transport from EPA's facilities In North Carolina to the test site at
Phoenix, Arizona. The damage was detected before testing, but the damaged Tenax glass
tubes were used. The results Indleated that some contamination of each sample of the
Tenax adsorbent had oceurred; therefore, the analytical results were questionable.

A large number of compounds were evident in the GC/MH scans. These compounds
are listed in appendix G as tables X X1 through XXX. The rosults of test 1 showed that
the major detected constituents wera four branched chain alkanes, that were probably C
isomers. Durlng test 2, it was noted that the Tenax cartridge appeared {0 bg
¢ontaminated with a non-aviation lubricating ofl, since more than 100 compounds were
obtained. All of these'componentis were at relatively higher concentrations than In any
other samples.
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The results of test 3 indicated that approximately 25 percent of the sample
sted of oxygenated compounds that were consistent with the oxidation of a
hydrocarbon-type oil,

In test 4, it was noted that exce t for compounds with formulas C.H and CoH. ,,
sample contained many compounds (toluene, n-octane, xylene) as r?otm in préles

tests that were conducted by the Environmental Protection Agency using the Tenax
adsorbers which fnvolved diluted automobile exhaust,

it Is apparent that

caused the findings

of the aotual eompounds

air samples under study. A number of compounds were deteoted in

he varlous samples; however, the analytical procedures that were employed by EPA

during these tosts did not provide for quantitation of the results; therefore, none of there

ed. The sampling techniques used by BPA in these tests viere

Ironmental air conte:nli:ation

. The analytieal system may have been inordinately sensitive for applicability to

this bleed air study, thus, the results as reported did not lend thumselves to eveluation as
to the quantities of compounds that were deteoted, or the comparison from test to test,

Toxicologica: Evaluation of Bleed Afr Contamination Test Data

A toxieologleal evaluation of the test data showed that the CO concentration in the
collected bleed alr samples was no greater than in the ambient air. Carbon monoxide at
this . end the fact that

he engine air Intake
ation to an extent

The toxicological evaluation also showed that the CO concentration in the
collected bleed alr samples was no greater than the concentratlo%s found in the ambient
The quantity was not of toxicologleal significance. Additionally, the level of oxides

of nitrogen were no greater than those in the ambient alr and were of no toxicologieal
significance,

The total level of hydrocarbons (FID-detectable oxidizable o-ganic materlals
opane equivilents) that were deteated in the operating engine were no
greater than those in the ambient air except under two conditionss

(1) When oil was infooted directly into the alr Intake of the engine, almost
- all the hydrocarbon 1oad In the bleed alr was removed by the glass wool
filter in the sampling lin that the hydrocarbons were not

By romoving the

4 ppm normal pr
air,
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{(2) When the engine was started (test 5) with oll in the air Inlet, and with
fuet vapors in tha compressor compartment, the hydrocarbon loading at
20 ppm was rapidly dissipated, Therefore, this condition produced
nothing of toxicological significance.

The eryogenie and Tenax trapping and analyses con*:cted by Exxon showed that the
total organic components in the compressor ranged up to 31,8 ppdb and that nelther
Injection of oll into the air inlet nor removal of the seal significantly inereased the total
organiv load of the bleed air. Thess findings Indicate that the glass wool U-tube upstream
of the eryogenic traps fiitered out the mist during the ol Injeation test (test 3g) and that
there was no significant organic load in a gaseous form. absence of acrylonitelle,
acroleln, benzene, toluene, and xylenes 8/ in the samples further indicates that the
residual oll in the compressor did not degrade sufticiently to yield these compounds, The
absence of any materials other than Freon (or methanol) and isopropanol (reasonebly
foreseeable potential contaminants) on the Tenax absorbers further Indicated a very low
(if any) gaseous load of organic materials in the bleed eir of the TPE331 engine as tesied.

The analyses conducted by Clayton Environmental Consultants, Ine., indicated that
whether the engine was operating with or without an Intact cardon seal there weroe no
significantly measurable differences in bleed air versus ambjent alr, Clayton's analyses
confirmed an ofl mist load in the bleed alr during Injection of oll into the engine air inlet,
but there were no indications of adation of the ofl In transit from the intake to the
bleed alr port. The levels of total hydrocarbons that wete found in the Clayton analyses
were of no apparent toxicological signiticance. Clayton's results further suggested that
any tricresylphosphate that might have been in the bleed alr was below the level of
detection by the methods employed. :

The analyses performed by the Environmental Proteotion Agency Environmental
Sciences Research Luboratory did not lend themselves to meaningful interpratation
because of apparent contamination of the samples and lack of parallel analysis of known
compounds to permit guantitation of the varlous components that were revealed by the
QGC-MS analyses.

Based on the analyses performed, there was no significant toxieologleal qaseous
content of the TPBI31 engine bleed air under the various modes of operation pre eribed
by the test protocol.

Is there any unusual degree of toxicity assoclated with the thermal decomposition
products (TDF) of ETO-2380 turbo oflt CAMI reseachers exposed rats to the TDPs of
BETO-2380 (new and used) turbo oils and to TDPs of other oils and found no evidence of
any unusual toxiolty in that the times to incapacitation and death were similar for séveral
oils and olly materials, and the toxicological effeots were consistent with the amount of
CO released. The FAA Office of Aviation Medicine has published & report
(PAA-AM-83-12) presenting the results of this study. The report Is titled "inhalation
Toxicologys Ifl. Evaluation of Thermal Degradation Produots from Afreraft dated April
1983, and Automobile Engine Oils, Afreraft Hydraulie Fluld, and Mineral Oil.

Was there any indication of decomposition of the oil during the tests? Durlng the
engire tests & number of f&ftlclpants sniffed the bleed elr lines that came to the sampling
trains and particularly while oll was being injected Into the air intake. No person reported
ireitation of the mucous membranes of the nose or eyes. No one desoribud an acrid or
irritating quality in the bleed air. The consensus was that the odor was that of a warm
ofl, not a decomposed oll.

B_Tﬁenzlne, toluene, and xylene are not decomposition products of synthetie turbine oils,




Thes: observations have significance because had the oil undergone decomposition,
Ireitating substences, such as acrolein, would have been produced, and probably would
have been detected by those who sniffed the bleed alr lines. The threshold odor
concentration (TOC)--the concentration level at which observers sniffing the bleed alr
lines should deteat the acrid or irritating odor of acrolein--Is in the range of 0.05 to
0.1 ppm (Handbook of Environmental Data on Organie Chemlcals, pege 74, Karen
Verschueren, Van Norstrand, Reinhold, New York 1877). The failure to datect acrolein
strongly suggests that the ofl did not undergo decomposition. If, on the other hand, it did
decompose, major components (assuming acrolein would bave been produced) were below
the TOC. This obsorvation was consistent with the absence of significant levels of the
decomposition compounds by chemical analyses,

- Observations during the infection of oil Into the afv intake of the englne suggested
that it s still a mist when It enters the bleed air. This was confirmed by the finding that
oli mist was filtered out by the glass wool liquid/vapor separator fllter instelled In
Garrett's on-line analytical traln; by Clayton's findings of increased amounts of ofl
collected on the millipore filters while Increased amounts of oft were Injected Into the alr

l:\let of the engine; and by observers detecting an olly smell while sniffing the bleed air
lines.

Because of these findings the question was poseds Does an oil mist of BTO-2380
turbo oll have special toxio properties? To address this fssue, CAMI researchers exposed
rats and chickens to an oll mist of new and used RTO-2380 turbo oil for 7 hours and were
unable to demonstrate any immediate or delayed behavioral change or gross pathologieal
alteration over a period of 40 days of observation of rats and 35 days of observation of the
chickens. Further, administration of ETO-2380 turbo ol into the peritoneal cavities of
rats did not elicit deteotable toxicological reactions.

From a toxicological point of viaw, the analyses and testing indicated that:

1. There is not a suffiolent load of gases in the bleed alr of the TPE3S1
engine, even with oll ingestion, to constitute a toxie threat.

Any ofl that may get into the bleed air does not uriergo a significant
 degradation.

There are no deteotable quantities of supertoxic materials produced by
decomposition of BT0-2380 turbo oll under the test conditions of engine
Ingestion and CAMI laboratory tests,

4. Oil mist of ETO-2380 turbo oll in alr, an generated in the laboratory, has
no unusual toxic effects on rats or chickens.

Thete are instances in which chronlo op repeated exposure ray sensitize a person to
certain chemicals so that coneentrations in the ppb range may later elicit an acute
hypersenaitivity type reaction. Barring such an extreme chemlenl sensitivity, there is no
evidence of a toxie incapacitation factor in the bleed air of the Garrett TPR331 turboprop
engine as tested.

Condensed Reviews of Findings

With respeot to the bleed air contamination test results, it is apparent that the data
requiring the most pertinont and eritical comparison are those generated by Exxon and




»29~

Clayton, because thesa cata were collected and analyzed by very siinilar methods, i.e,,
adsorption, dissolution, or cryogenic collection methods, followed by cliromatographie and
mass spectrometric analysos,

The Clayton GC/MS data as proviously presented in table VY indicated thal test 5
(which simulates an engine start-up with oil pooling on the air Intake due to a defective
carbon seal) showed the maximum level of contamination of the bleed air as compared to
Test 2 (normal engine operation). Total hydrocarbon content increased 1,98 ppm, p-cresol
content increased approximately 0.18 ppm, and formaldehyde contert increased about
0.08 ppm. The hydrocarbons and other compounds which were identified in the bleed air
samples were also present in the control (blank) samples.

The Exxon datn previously presented in teble VI showed the organic contaminant.
levels from the eryoganic sample collection ranged from 0.007 to 0.032 ppm depending on
the englne test performed. The (C data for samples coilected in Tenax traps also showed
contamination by ¥rc 1 which was used to rinse sample lines and Isopropanol which was
used in the eryogenic teaps.

A comparison of the results of test 4 to test 2 essentfally indicated that
contaminant levols were not increased by the absence of the front main shaft compresso:
carbon seal element. These uxtremely low levels of contaminants did not permit proper
fidentification. Speolricall{; these data show a total hydrocarbon increase of 0.28 Fpm anil

nges in formaldehyde concentrations were not determin

no change in p-crasol -~ ¢ .

The Garrett mobile gas analysis unit showed essentially no rise in hydrocarbon, 'co,
or oxides of nitrogen when comparing test 4 (no seal) to test 2 (bleed alr -normal engine).
Any of the measured differences appeared to be within the range of test accuracy.

FINDINGS

During operation of the TPE331 turboprop eigine there are a number of
sealing mechanisms that prevent oll from leaking from the gearbox into tho
engine alrflow path. These tests demonstrated that the physical condition of

the front maln shaft carbon compressor seal element was not significant to tha
question of bleed air contamination.

The tests and analyses show that synthetie turbine oll is not likely to
experience breakdown when subjecied to the conditions of the compressor

section in a small, low pressure ratio centrifugal compressor type ongine, such
as the TPE31 engine, |

Previous tests on a large, high pressure ratio axial flow engine show that even
when a large volume of oll was injected into the compressor the only
compound released was a concentration of ecarbon monoxide that was less than
the maximum permissible level of carbon monoxide prescribed in Federal
Aviation Administeation. (14 CFR 25.831(b2)).

The bleed air from the Garrett Turbine Company TPR331-10-501M turboprop
engine exhibited no significant variation in relation to the quality of the air
entering the engine's intake. The difference in bleed air quality as affeoted by

the absence of a carbon seal was minimal and probably was within the range of
test sensitivity.
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Injection of heated Exxon 2380 turbo oil (RT0-2380) into the air intake of the
TPRB 331 ungine, indicated that neither the ofl nor any of its additives undergo
significant degradation when subjected to mechanical aetion and thermal
axcurs'ons while passing through the engine's compression seations.

Bven though the TPE 331 engine compressor discharge temperature was about
720°F, the Ingested oll was exposed to this environment only for a matter of
milliseconds which did not result in any appreciable degradation.

The maximum bleed alr contamination of about.2 ppm total hydrocarbons
occurred diring "dirty" start-up of the TPR 331 engine.

The compeunds identified in the test samples were essentially those which

appeared in the control sample. These eompounds would be expected to exist
In the amblent conditions of a test area located close to a commerciel airport
runway and to othet engine test stand operations.

The analytical data indicated that any ETO-2380 turbo oil decomposition
products were present only in parts par billion concentrations.

CONCLUSIONS

The results of this test program indicate that the quality of the TPE 3§31
engine compressor bleed alr was essentially unchanged from the quality of the
air that entered the engine intake. This was true for all engine operating
conditions, including the absence of the torward mafnshaft compressor carbon
seal element. Deliberate injection of engine oil into the engine's air intake
resulted in simple atomization of the ofl, and no significant c¢hemical
degradation of the oll ‘vas evident at the compressor bleed afr port.

The detected contaminants were engine ofl components that were
indistinguishable from the oll that was injected Into the inlet. Of thoso
contaminants that were Identified through various analytical methods, the
contaminants which had formed were present only in fractional part per
million quantities. '

Based on an evaluation of the Ad Hoo Committee's Investigative findings and
the results of these tests, the conditions within the Garrett TPE331 engine will
not produce sny change In the oll as it passes through the engine compressor
and no toxic or anesthetlc compounds are generated from the ofl.
Additionally, the tests demonstrated that during engine operation there are a
number of sealing mechanisms that prevent ofl from leaking from tho
reduction gearbox into the engine airflow. Finally, the physical condition of
the front main-shaft compressor carbon seal element In terms of compressor

bleed air contamination is not significant to the question of cabin
environmentel degradation.

No evidence was developed to support the hypothesis of pilot incapacitation
due to bleed afr contamination in the TPE 331 engine from ingestion of
synthetie turbine ofl. Pilot incapacitation due to cabin alr contamination from

oil ingestion in the TPR 331 engines was not a factor in the nine previously
listed aviation accidents and one inoident.
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AFPENDIX A
DETAILED DESCRIPTION OF MECHANISM OF OIlL CONTAINMENT

Seal Design Philosphy

Machinery with rotating shafts require bearings and bearings require lubrication. In
order to conserve the lubricant, some form of sealing must be incorporated on the
rotating shafts of all machinery. Some¢times, as in turbine ongines whose bleed alr s
utilized to provide environmental control for an aircraft's oceupants, the sealing also must
assure that the lubricant cannot enter the engine bleed alr path,

The seleation of a seal design Is dependent on the mediums being sealed. Seals with
solid (grease} or Hquid (oil) lubricants on one side and ait on the other require a
mechanical seal with a stationary surface and a rotating surfece in physical contact. A
mechanical seal is mandatory if the ofl is under pressure or if the oll level is higher than
the seal when the machine is shut down,

When the bearings ure lubricated by an ol spray, the scaling task is simpler since
only an air/oll mist must be prevented from flowing out of the gearbox. Often a
pneumatic type ind of sealing, Ina pneumatio seal, afr is caused to
flow from the he air/oll mist. Since afr Is flowing
into the air/ofl mist eannot escape. A
thus, does not wear. A mechanteal seal

an air/oil mist.

In the Garrett TPE331 turboprop engine, both muchanical and pneumatio sealing are
provided,

TPE331 Seal Design

Two seals are used In the TPE331 engine for engine oll containment and to prevent
the ofl from leaking from the reduotion gearbox into the engine inlet and potentlally
contaminating cabin bleed air, element mechanical seal. The
seal's nomenclature fs front al assembly; the seal and its
corresponding rotor are shown In figure 9. Pigures 1 and 3(a) depliet how the seal is
mounted in the engine. This seal consists of a stationary carbon element which is
supported by a seal retainer. The carbon element is spring loaded egainst a steel rotor
that Is attached to the engine ghaft. The sealing actlon is provided by tha rubbing contact
between the face of the ecarbon element pressing against the rotor face, Figure 10 chows
the various parts of the front mnain shaft compressor carbon seal.

During normal engine operation, the ofl {s scavenged out of the engine reduction
gearbox so & mechanical seal is not nevessarily required during operation. However, when
the engine 1s shutdown, ofl drains from the engine walls which fncreases tie olt level
above the shaft installation level of the compressor front mafin shaft; without a
mechanical seal, the oll would leak from the reduction gearbox, out the engii.c inlet and
onto the ground, Therefore, a mechanical (carbon-vlement) seal is necessary to prevent
oil leakage when the engine s not operating and is optional during engine operation.
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APPENDIX A

Seal Assembly '-

ﬂ__m
Figure 9.--Front main shaft compressor seat and rotor.

As shown in figure 3(a), the front portion of the engine shaft is supported and

aligned by the compressor bearing which is positioned by a carrier that is part of the
reduction gearbox housing,

inner race of the bearing.
gearbox housing,
against the rotor by a wave washer spring. An O-ring provides sealing between the carbon

“element and the retainer. In the drawing, the inlet air is on the left side of the seal and
the reduction gearbox afr/ofl mist i{s on the right.

 Follower
Washer
AV

Figure 10.-~Disassembled front main shaft compressor seal deseription,
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-35- APPENDIX A

A second Independent seal, which Is a pressurized rotating labyrinth seal, is provided
on the shaft of the TPE331 engine between the reduction gearbox and the compressor.
This pneumatic-type seal is pressurized to approximately 26 pst at ti.e inner knife edges.
When the engine is operating, the pneumatle seal is independently capable of preventing
the air/ofl mist from passing out of the reduction gearbox because of a fiow of
pressurizing air from the seal Into the reduction gearbox. However, the labyrinth seal hes
no sealing capability to prevent engine oil from exiting the reduction gearbox when the
engine is not operating and, therefore, requires a mechanieal seal to prevent oil leakage
when the engine is shut down. The symptom of & falled mechanical seal is ofl leaking past
the labyrinth seal and running out tue engine inlet onto the ground when the engine J3 not
operating. The installation of the above seal is shown in figure 11. Figure 12 shows the
labyrinth seal's relative location.

:,’// R
.\\\\\\&\\\\\\\\\\\\\\\\i&\\\\v

Figure 11.-~Pressurized rotating labyrinth seal
mounted on the engine shaft with the compressor bearing.

Rotor Labyrinth
Seal

l
Carbon

Compressor Seal

Bearing Unit

Figure 12.-~Installation of the pressurized
rotating labyrinth seal and front main shaft compressor seal,
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APPENDIX A

AIR/OIL MIST
‘ TURNED AWAY

Figure 13.~-Labyrinth seal pressure balances

The pressure balances that are maintained may be olearly understood by consideri
that the chamber contain'ng the air/ofl mist operates at approximately 12 psia (-2 pslg
while the canter of the labyrinth is pressurized to 26 psia (+12 psig). Since air will always
flow from a higher pressure area to a lower pressure area, air will flow outward from the
center of the labyrinth. Rach of the knife-edges operates with only slight clearance from
the outer wall, resulting in a high local velooity as the alr crosses into the next chamber.
With a high local veloeity, the air/ofl mist cannot flow past the knife edges and enter the

compressor air flow, FPigure 13 depiets the methods by whieh pressure balances are
maintained by the seal.
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Pneumatic Sealing Actions

In addition to the labyrinth seal, there are two other pneumatic sealing aotions
incorporated In the oil containment design of the TPE331 engine.

Pirst {3 malntenance of a negative pressure of approximately 2 psi inside the
reduction gearbox with respect to atmospherie conditions. This is accomplished by
pumping the oil out of the reduction gearbox at a rute twice that at which it is being
pumped in. (Nine gallons per minute In, versus 18 gallons per minute out.) The extra nine
gallons pumped per minute Is air and this creates a negative pressure (slight vacuum) in
the reduction gearbox. If the mechanical seal should fall, the overscavenging will draw
alr into the reduction gearbox and will prevent the air/oil mist from flowing out. Thus, if
the reduction gearbox remains intact and the reduction gearbox's housing is not breached,

any resultant leaksge would be of air into the reduction gearbox rather than ofl out of the
reduction gearbox.

Secondly, the negative pressure effect is supplemented by ralsing the pressure in the
chamber on the alr side of the mechanical seal to a positive six pst above amblent. Since
the reduction gearbox pressure is continuously being reduced by the aetion of the
scavenge pumps, a positive pressure differential will always exist, assuring that the flow
wlll always be of alr into the reduction gearbox and that the air/oil mist eannot esecape.
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APPENDIX A

Potential Feilure Modes

Since the labyrinth seal does not contact any surface during operation, it does not
wear and has no failure modes. The only condition that could cause oil to leak past the
labyrinth is a bearing fallure that would cause the shaft to shift out of its normal
alignment causing the labyrinth to contact the adjacent wall. Such a bearing fallure
would result In engine shutdown either with or without pilot action. Another condition
that might allow ol to enter the engine airflow would be a structural fallure or

penetration of the reduction gearbox housing. A propelier fallure might also result in oll
ingestion into the engine.
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APPENDIX B
DETAILED DISCUSSION OF LUBRICATING OIL USED IN THRE TEST PROTOCOL

_ Bxxon Turbo Oil 2380 (BT0-2380) Is an ester based synthetic turbo oll. The esters
are synthesized from a family of aleohols known as polyols and low molecular weight fatty
acids, In addition to the esters, a finished lubricant will contain antioxidants, as well as
additives to prevent corrosion and trleresylphosphate which serves as an antiwear agent.
ETO-2380 has a high thermal and oxidative stability end is an effective lubricant over a
wide temperature range. This product has been tubjected to extensive animal testing and
the order of toxiaity has been found to be very low.

During decomposition, synothetic lubricating olls, such as BTO-2380, may
experience breakage of ehemical bonds yielding compounds sueh as aldehydes, ketones,
hydrocarbons and other molecular fragments. Depending on the temperatures involved,
some o.!dation of the oil molecules and thelr fragments might be expeeted to oceur,
releasing carbon monoxide and possibly aldehydes. Basfeally, up untfl the point when
pyrolysis (decomposition due to heat stress) begins, which requires oil molecule eontact
with fairly high temperatures, no molecular decomposition should occur. This generally
restriots the possible decomposition products to fragments and simple oxidation products
of already existing molecules.

Each batch of BTO-2380 conforms to the test requirements of MIL-L-23899C and is
released only after approval is given by an authorized U.S. Government Quality Assurance
Representative agent. These data are on file at the Specialties Dept., BExxon Co., U.S.A.
The inspection data for Batch 256 of ETO-2380 are given in figure 14; this is the bateh of
ofl used in the Phoenix tests at Garrett Co., on July 21 and 22, 1981,
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E)KON COMPANY, USA APPENDIX B

FICC ROX 222 o LINDEN, NEW JERSEY 0703

REFINING DEPARTHME MY
BAYWAY REFINERY

Formula No. 2380 gaze ¥

Product: Ludricating 041, Aircrafe D;siznégibn
Turbine Engine, Synthetic Cust Order No
Base Turbo 041 2380 ustomer Urcer R0._

O
E i
AR

ﬁw‘a ‘_’1"
BN

Test Coaplated
Ratch No.
Qualification No.
Tank No.

Quantity Represented _

""/& 9l .
o6 .
O-Cwrd -

AT

Specification: MIL-L-23699C

i T S B priemeey
e R L

PEL SIS

This 18 to certify that a sample of the product from the above batch vas tested and
nmeets the requirements of the above spedification. The composition of this batch,
within manufacturing tolerance, is fdentfcal to the product qualified 25 a resuvlt
of the qualification test, The original of this certificate is on file at the
Specialties Department, P.0. Box 94, Liaden, New Jersey 07036.
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Para. _Test Specffication _Results

3.2 - Materials - Product contains no metalorganic compounds of

titanium and not more than one percent ortho
isomer in ti. -ricresyl phosphaote additive.

b

Viscosity, cs Q@ 210°F
" 1] @ looor
Flash Point (COC), OF
Pout Point, OF
Total Acid Nuaber
Viscosity, cs @ -40OF
Evaporation @ 4000F
Foaming -~ Sequence
1 @ 759F, ml. max.
2 @ 200°F, ml. max.
3 @ 750F, ml. max.
Rubber Swell
H-Rubber @ 158°F (72 hra.)
F-Rubbar @ 400°F (72 hrs.)
Thermal Stadility and
Corrvosivity at 5250F
Viscosity Change @ 1000F
Total Acid Numbar Change
Wt. Change Metal
specamen
Sedivent

$.0 min. 5.5 wmax.
25.0 min.

475 min.

""65 naX.

0.50 max,

13,000 max.

10 max.

25/none Complete Collapse
25/none 1 min. nax.
25/none

5 nin, 25 max., X

S min., 25 max. X

5% max.

6.0 max.

4.6 sy/ead max.

Sediment (1.2 nicorn filter) 10 mg/lfiter max.

Ash Filtered Material

A2 g &0 LRaDN CORPIAAT IO

1 og/liter max.
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Figure 14.--Lubricating oil batch data and typieat inspections (page 1).
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Coprosinn & 0:fdatios
Stabiliety
12 brs, £ 40Lor

- A e —

Vefehs Chanre - ma/er?

Visconity Chaage 7 1000F
Total Acid Nurber Change
Sludge Content

Trace Metal Content
Eetal
Aluainum (Al)
Iron (Fe)
Chromfum (Cr)
Siiver (Ag)
Copper {Cu)

Tin {$n)
Magnesium (Mg)
Nickel (1)
Titanium (T1)
$ilicon (51)
Lead (Pb)
Molybdenun (MHo)

Ryder Gear
No. of Deterninations
2
FA
6
Reference 011 Average
Rating

Shear Stability:
Viscosity Loss € 100°F

Acid Assav

No. of Carbon
Aeld .. Atonms
Valeric 3
Heptylic 7
Caprylic 8
Capric 10

kTactre Parfarm:Ad Ryt
tkTegts Performed By:

¢ 7
My
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hl ol
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3 r ¢ Ay )
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40~

L Speelfieatio

-5 to +25¢

(pet. 3 /27 cs)
3.0 max.

(Det' i 'gl.‘——)
50 mp/100 ©l. max.

Limit, ppry nax,

ot
B R A b e B DY A

P o
e L
Keport

Average Relative Rating
(%X of Ref, 0i1)

Hole, P%;ggn; Linits
16-26

1%-29
28-38
13-23

overnnent QAR : -

112

106

102
Report

Alenr, Ine., San Antonio. Texae
DOD EQATA TSC Naval Aivstation, Pensacola, Florida

il il

Mé% o2ttt
' Laboratory

ATE: & ~ /X ~8/

Figure 14.--Lubricating ofl batch date and typical inspections (page 2).
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Visconity Chanpe € 100°F

Total Acid Kumber Chenge

(et :t_.c’d}_,)

Slulre Content 50 rg /106 ), v,

Corrosion & Oxldation
Stahility

4 brs. (@ 42°°T
Pratt & Vhitney Modification
Height Change - mg/cen

Viscosity Chaape € 1000¥
234/ cs)

¢ Y2 )
Trace lMetal Content

Metal Lirdt, pox s,
Alungnur (Ad)
Iron (Fe)
Chronfum (Cr)
Silver (Ag)
Copper \Cu)
Tin (Sn)
Hagnesiuz (Mg)
Elckel (N1) 2.0
Titanfum (T1) 00
Sildcon (S1) Report /: 3
Lead (Pb) Report
Holybdenun (Ho) Report ) ?

Total Acid Nester Change

Soud
A AR R e bt e A B A

Ryder Gear Average Relative Ratl:p
Ro. of hztecninations (% of Ref. 0f1)
2 112 278y
[/ 106 L
6 102 ——
Raferonece DYV Avnraes Rapnr? ____A”p_
Rating

Figure 14.-~Lubrieating ol bateh data and typics! inspeotions (page 3).
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Shear Stadility:
Viscosity Loss & 10001 4% nas.

Acig Assay
No. of Corbdon
Acid Ators Mole. Percent Liwits
Valeric 5 16~26
leptylie 7 19-29
Ceprylic 8 23-38 - —
Copric 10 13-23 _ 20 _

tlests Perforv.d By: Alcor, lnc., San Antonio, Toxas,
#tTests Perforrad Byt DOD EOAPA TSC Naval Airstation, Pensacole, Flerida

{Jeertmer
boratory

Pigure 14.--Lubricating oll batch data and typical inspeations (page 4).




APPINDIX C
DETAILS OF ISOKINETIC SAMPLING TECHNIQUES AND EVALUATION

The committee considered utllizing isokinetie sampling techniques; however, the
committee noted that sampling of the bleed air for quantitative determination of
contaminant vepors or gases Involves drawing a portion of the alr through appropriate
instrumentation or collection media at a calibrated flow rate. Vapors and gases do ot
undergo stratification because synthetic aviation lubricants are ash free; therefors, it
would not be expacted that particulate matter would form. Only In cases where
stratification may be a factor, as with particulate matter of moderate dlameter In a
repldly moving sirstream, an isokinetle sampling technique would be necessary, While
isokinetic flow rates may have been achieved during these tests, maintenance of
isokinetle conditions was not considered hecessary for oll decomposition product
determination; therefore, no speelfic offort was made to maintain isokinetio conditions.
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APPENDIX D

DETAILED DIBCUSSION OF ENGINE INSTALLED BLEED
AI SAMPLING EQUIPMENT

An adapter, as shown In figure 5, was manufactured to provide conneations from the

alreraft bleed afr flow control nozzle to the air sampling equipment, The adapter
consisted of a 1 1/4-inch-diameter stainless steel pipe that flared up to a 1 1/2 ineh-
diameter chromium flash-plated black fron Pipe; this iron pipe was )
14 inches long and ended In a standard pipe cap through whieh was drilled a
1-inch-dlameter orifice, The orifice was installed in order to create back pressure within
the 1 1/2-inch pipe sufficient to force the alr mixture into the sample pickup prodes,
through conneating lines to the sample colleotors located outside the test cell.

The adapter, by design, included features to insure mixing of the bleed alr with any
entrained contaminants prior to pickup by the sampling probes. These features fneluded a
mitre bend downstream from the sonle nozzle followed by a stralght section of
1 1/4-Inch-diameter stainless stes) plpe for dissipation of turbulence, The step from the
1-1/4-Inch to the 1 1/2-inch diameters was made sharp edged In an attempt to cause
liquid ofl on the sampling pipé's wall to be atomized. Pollowing the step, the
1 1/2-Inch-diameter pipe continued undisturbed for six diameters for further turbulence
dissipation before pickup by the sample probes.

Four sample pickup probes were installed radially into the 1 1/2-inch diameter pipe
nning approximately 12 inches downstream from the leading edge of the pipe. These
probes were positioned 60°circumterentlauy. -inch axial spacing.  This
configuration was chosen to assure minimum interference between the probes. Each

probe had six equally spaced 0.062-inch holes drilted across the 1 1/2-ineh length facing
upstream. .

The above deseribed entire sampling system eonfiguration was based o Volume 43,
No. 43 of the Pederal Register,
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APPENDIX B

DETAILED DISCUSSION OF ENGINE BLERD AIR TFST EQUIPMENT,
SAMPLING SYSTEMS, AND PROCEDURES

Garrett Turbine Engine Company

The emissions analysis equipment (mobile gas analysis unit) and all required
calibration gases are installed in a mobile emissions analyzer van. Al instruments,
calibration gases, and span gases are kept at a constant temperature to avold instrument
drift. The equipment i3 capable of monitoring carbon monoxide (CO), carbon dloxide
{CO,), and any oxides of nitrogen (NO_), including nitrle oxide (NO) and any unburned
hydr%carbons in the alr. This on~lne insfrumentation continuously measures the resultant

samplde flows. The data results are graphed on & four-channel recorder for permanent
records.

The primsry emissions measuring equipment used by Qarrett, consisting of the
Plame Ionization Detector (FID) and Nondispersive Infrared Analyzer (NDIR)
measurement equipment, was operated continuously throughout the test series, These
n;leasuraments ware recorded continuously on a strip chart that gave a complete history of
the tests.

The equipmsnt Is capable of determining whether any ciiange is taking place in the
o}l as it passes through the engine. If oxidation Is taking place, then a rise in the carbon
monoxide and/or carbon dioxide level will occur. Any other change to the ofl that occurs -

will release volatile compounds that will be detected by the FID unit as unburned
hydrocarbons.

Amblent and bleed alr sampling were conducted for total unburned hydrocarbons by
flame {onization datectlon; carbon monoxide and carbon dioxide were detected by non-
dispersive Infrared detectlon, and oxides of nitrogen by chemiluminescence analysis.

Al g T T AL e e PRl e

Unburned hydrocarbons were measured with a Beckman Model 402 flame lonization
datector (FID). This system has the capability of detecting any fonizable hydrocarbons as
propane, with concentrations as low as 0.1 -~ 0.2 parts per million (ppm); however, the
system does not have the specifio capabllity te identify what chemical compounds (by-
products) are present In the hydrocarbons. The FID is calibrated at 0-10 ppm and

0-100 ppm. The unit accuracy i3 1 percent of full seale for both of the above calibrations
at this setting.

a1

Carbon monoxide and CO, were measured with Beckman's Model 3158 NDIRs. The
CO, unit {s calibrated at 0 to 2 percent concentration ard has + 1 percent of full scale
acc%racy. The CO unit is calibrated at 0-100 ppm and has +2 percent of full scale
aceurady.

Oxides of nitrogen measurements were made with a TECO Model 10A
chemiluminescent analyzer that utilizes a thermoconverter for the NO_. mode. This
equipment has & range of 0-100 ppm with a + 2 percent of full seale aceuraé&.
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APPENDIX E -46-

Evaluation of the FID and NDIR data results can also determine if any change will
occur in the oll when [t passes through the engine. This was accomplished during the oll
injection tests. On the first run, a glass woo’ llquid/vapor separation filter wes used to
remove any liquid contaminants from the bilce¢ alr. An oll Injeation test was then
performed, while an analysis was conducted for gaseous contaminants in the bleed air.
During the run, propane (C3H ) was momentarily {njected Into the engine inlet to
momentarily ¢ ntaminate the bPeed air. This confirms that if any gaseous contaminants
are present they will be detected by the gystem with the separation filter installed. |

A T-foot Insulated stainless-steel line was eccnnected to the sample probe at the
engine bleed air plekup. This line was in turn connected to a 20-foot heated line whose
temperature was controlled at approximately 250° F by a varlac type centrol. A second
20-foot heated line, whose temperature was measured and controlled from the mobile
analyzer van, directed the samples Into the testing equipment. RExcept for test 3{g), the
oll infection test, the temperature was held at 250° F + 5°by an automatic controller.

A typlcal calibration record of the Garrett sampling equipment is shown in
figure 14. The following calibration values, as shown In table V11, below used.
Table Vil.--Garrett bleed sir sampling equipment calibration values.

Calibration
Full Scale Level

Unburned Hydrocarbons 100 ppm 50.3 ppm

Carbon Monoxide 100 ppm 60 ppm

Carbon Dioxide 1.05% 2.0%

Oxides of Nitrogen 100 ppm 46.8 ppm

The full scale values shown above were used throughout the testing with the

exception of test 4 (compressor seal carbon e¢lement removed) where the scale for
unburned hydrocarbons was expanded 10X to give a full scale value of a 10 ppm.

Clayton Environmental Consultants, Ine.

Separate samples of ambient and bleed air were collested using ¢ombinations of
solid and liquid sorbent media. The test sampling system is shown in figure 6 and a
schematle soresentation of the system is presented as figure 7.
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The testing methods used by Clayton for obtaining bleed air samples for test No. 1,
engine data points 1, 2, 3, and 4, consisted of drawing engine inlet air through a stainless
steel tube from behind the propeller to pickup ram air. The samples were then
transmitted via stalnless steel {(approximately 30 feet), and teflon (approximately 0.5 foot)
tubing to a glass manifold equipped with five outlet ports. Separate air samples were
drawn from four of these ports while the fifth was used for mantfold pressure control.

Solid sorbent media, e.g., Tenax and activated carbon (ACT) were selected to cover
the range of possible organic compounds. Higher sampling flow rates were selected to
achieve the low detection limits. Duplicate samples were collected to allow compound
identification using gas chromatography/mass spectrometry (GC/MS); quantification of
these compounds was accomplished by using GC,

Working forward from the manifold Inlet, the outlet ports were each connected via
teflon fittings to the following sample trains:

Port 1: Two glass tubes In series, the first packed in two sections with 150
milligrams {mg) of Tenax solid sorbent medium and the second packed in two sections with
150 milligrams of activated charcoal. These sorbent tubes are products of SKC, Ine. Alr
was drawn through the sorbent tubes using an BE.I. Dupont de Nemours Company Model
P-125 portable battery-powered personnal sampling pump. The pump was calibrated
during the test using a soap bubble technique with a burette attached to the pump's
discharge port.

Port 2: One glass tube packed In two secifons with 150 mg of Tenax solld sorbent.

Air was drawn using a portable pump as in (1) above.,

Port 3: One glass tube packed in two sections with 150 mg of activated charcosal.
Alr was drawn using a portable pump as in (1) above.

Port 4t A 6-inch section of tygon tubing connected to two midget impingers
arranged in serles. Each impinger contained approximately 15 milliliters (ml) of a
1-percent sodium bisulfite absorbing solution. The impinger teain in turn was connected
via tygon tudbing to a Mine Safety Appllance Company Model G portable battery-powered
personal sampling pump. The pump was calibrated prior to the test pregram and was
again calibrated using the soap bubble-burette technique at the conclustons of the tests.

Port St PFitted with tygon tubing running through & bleed valve to a U/tube water
manometer. Manifold pressure was controlled using the bleed valve and monitored on the
manometer. Approximate gas temperature was monitored by {nserting a bimetal dial
thermomaeter into the exhaust from the bleed valve.

Simultaneous with the inlet afr sampling, ambient air was sampled at a fence that
was located due east of, and about 20 feet fromn the test engine. The sampling media and
pumps were of the same type as previously deseribed, although no manifold was used.
Ambient alr sampling was condueted for correlation with the Inlet air sampling tests.
This amblent sampling was conducted during the entire test perlod. Following Test No. 1,
and for the remainder of the testing perlod, the Tenax In series with eharcoal collection
method was omitted from the ambient air sampling station.

Tests 2 through 6 Involved sampling of engine bleed air, A speclally fabricated
sample collector (deseribed earlier in this report) was installed on the engine. From this
colleetor, bleed alr was transported to the Clayton manifold ss deseribed above, via an
unheated stainless steel line.
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-49- APPENDIX B

Testing methods used during test Nos. 2, 3g, 4, and 5b, consisted of drawing samples
of engine bleed air from the glass manifold. In each of the above tests, separate samples
were drawn through a Tenax-activated carbon sorbent series, a Tenax sorbent tube, an
activated carbon sorbent tube, and a 1 percent sodium bisulfite filled impinger train as
described for test 1. Sampling flow rates were controlled using the battery-powered
personnel sampling pumps. During the tests, a second bleed valve was installed upstream
vi the glass manifold to assist in holding manifold pressure within desirea ranges.
M~ iifold pressure was monitored by a water gauge manometer, attached to the fifth port.

Tests 31, b, ¢, d, e and f, comprised a special series intended to determine the
content, if any, of oil mist contamination in bleed air when oll Is injeoted into an
operating engine's air intake. The previously described bleed air collection equipment and
stainless steol line were used. A bypass valve was installed at the outlet of the stainless
steel sample dellvery line; this valve was used to control line pressure going to a millipore
membrane filter located downstream of the bypass valve. This pressure was maintained
at approximately 3 inches of water, as measured by a monometer which was momentarily
substituted for the fiiter for pressure measuremen* between each test. Samples were
drawn from the line downstream of the bleed valve through separate 37-miilimeter
millipore membrane filters, one for each test identified above. The filter was composed
of mixed cellulose ester medium with an average pore size of 0.8 micrometer. The filter

was housed In a plastie cassette, the cassette Intake was fitted to the sample line, and the
exhaust was connected to an MSA Model G personal sampling pump. |
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Oil mist samples were colleated by drawing afr at measured flow rates through
prewelghed 37-mm mixed cellulose ester membrane filters using an MSA, Model G
battery-powered portable pump. The total mass collected on each filter was determined
gravimetrically in the laboratory as the difference between the tare weight of the filter
and the weight of the filter after sampling and equilibration to balance room conditions.
Results of the gravimetrie analysis, used to calculate the total welght gain inelude
necessary corrections for blank determinations run in parallel with the analyses.
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The analyses for oll mist was conducted by emisston fluorescence using Physical and
Chemical Analytical Method (P & CAM) No. 159 as specified by the National Institute of
Occupational Safety and Health. In this method, the calibration standards are prepared
from bulk samples of the oll taken at the time of sampling. The proper excitation
wavelength was determined using a 100 microgram per milllliter solution of the ofl in
chloroform. After extraoting the filter matrix with chloroform the extract was scanned
over a range, including the predetermined wavelength. The quantity of ofl was then
determined by comparing the peak-height of the sample with the peak-height of each
standard. After any necessary corrections for comparative control (blank) samples run in

parallel with the samples, the results were renorted as total milligrams of the speeific ol
per sample,

3t ST S W
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Total hydrocarbons samf:les were collected by using battery-powered, portable
pumps to draw alr at measured flow rates through glass tubes containing activated

chareoal){contalnlng 100-milligram (front) and 50-miiligram (back) sections of activated
charcoal).

Immediately after sampling, the ends of the tubes were sealed with jalyathylene
caps for transport to the laboratory, where they were refrigerated until analysis.
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In the laboratory, front and back sections of each tube were desorbed separately (n
appropriate volumes of carbon disulfide and aliquots of the resultant solutions injected
into & Hewlett-Packard 5710A gas chromatograph, Because the samples contained a
complex, nondescript mixture of hydrocarbons of varying molecular welghts and
structures, quantificatiori of speecific components was not possible. Quantities of total
hydrocarbons present were determined by comparison of the total of the areas under the
sample chromatogram peaks with sreas under chromatogram peaks for n-hexane stancards
prepared in carbon disulfide, Analytical results, which include any necessary corrections
for parallel biank determinations, were used in conjunetion with sampling data (volume of
air sampled) to calculate the concentrations of airburne total hydrocarbons (as hexane)
represented by each sample, expressed in parts of vapor per million parts of alr by volume

(ppm).

Ortho and para cresol (o-2resol and p-cresol) samples were collected by using
battery-powered, portable pumps to draw air at measurec flow rates through glass sam;)le
collection tubes contalning the appropriate solid sorbent in two seetions {front and back).

The ends of tubes were sealed immediately after sampling with polyethylene caps
for transport to the laboratory, where they were refrigerated until analysis.

In the leboratory, front and back sectivins of each tube were desorbed separately in
appropriate volumes of acetone, and aliquots of the resultant solutions injected into a gas
chromatograph. Quantities of each analyte present were determined by comparison of
areas under the sample chromatogram peaks with areas under chromatogram peaks for
standards prepared in acetone. Analytical results, which include any necessary
corrections for parallel blank and recovery determinations, were used in conjunction with
sampling data (volume of air sampled) to caleulate the concentrations of o-cresol and
p-cresol represented by each sample, expressed in parts analyte per miilion parts of air,
by volume {ppm).

Tricresylphosphate samples were collected using MSA Model G hattery-powered
portable pumps to draw air at measured flow rates through preweighted 37 mm mixed
cellulose ester membrane filters. The total mass collected on each filter was determined
gravimetrically in the laboratory as the difference between the tare welght of the filter
and the weight of the filter after sampling, and equilibration to balance room conditions.
Results of gravimetrie analysis used for comparison against tricresylphosphate (TCP)
contents include necessary co-rections for blank determinations run in parallel with the
analyses.

For the analysis of separate isomers of polycresylphosphate, the filters were treated
In appropriate volumes of ether, and aliquots of the resultant solutions were injected Into
a gas chiromatograph equipped with a nitrogen/phosphorous specific detector. Quantities
of each analyte prasent were determined by comparison of areas under the sample
chromatogiam peaks with areas under chromeatogram peaks for standards prepared in
ether.

Analylical results, which include any necessary eorrections for parailel blank and
recovery determinations, were used in conjunction with sampling data (volume of alr
sampled) to caleulate the concentrations of afrborne Isomers of trleresylphosphate
represented by each sample, expressed in parts tricresylphosphates per million parts of air
{ppm) by volime.
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» the impinger sol
sealed with teflon lined caps

Exxon Research and Engineering Company Condensed Review Discussion

A photograph of the Exxon Product Research Division (PRD) bleed aip sampling train

Is shown on figure 16, A schematie representation of the bleed air sampling tratn fs shown
as fi;pure 8.

Two methods were used to colleot dleed air samples. The first method used was a

cyrogenle process. The second method consisted of a Tenax adsorbent material that was
used to trap contaminants from the air stream being sampled.

The first method was previously used by Exxon in their continuing Aviation
Lubrication Project. The profect Is designed to investigate oxidative mechanisms. In this

method, the air from the compres
In the air sampling train. The a ' -18°C
B} in a dry iee/isopropyl ale traps were then nualyzed for three
of the tests and only one for the baskground test. The second tube of test No. 5 {Dirty
Start Test) was broken during shipment. Al samples which were collected in the freeze
out train were carefully weighed and stored In dry ice unth they were analyzed by Exxon's
Analytical and Information Division. The colleoted samples were analyzed by means of a
GC coupled with a flame fonization detector. In addition to the Cryogenic Method freeze
out train, each engine test was also monitored with a Tenax Column for the second test,
This Is a small tube about 1/4 ineh in diameter and 6 inches long which has its own pump
and counter to adsorbent. These ecolumns are
the adsorbed contaminants. The
pler to handle than the freeze out method and are used

-0 vaution studies,

A schematie drawing of the sampling train fs presented as figure 8 and should be
referred to in the following deseription.

87 Tn a physics definition ~ one measure of the degree to which a solution absorbs radient
energy.
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The 1/4-Inch-diameter stainless steel sample line from the engine was connected to
a Y-adapter which was fitted with two Hoke needle valves. This provided independent
control of the source flow rate for the two sampling methods., One neecdle valve was
fitted with a stainless steel ball {|oint adapter. This was connected to the oryogenie
samplirg system which consisted of a glass U-tube contalning loosely packed glass wool,
two glass traps of the type commonly used in vacuum systems, a glass drying tower
containing Drierite, and finally a wet test meter which was used to measure the volume of
alr sampled In eaeh test, The second needle valve was conneeted to a stainless steal tee.
One leg of the tee was connected to a rotometer which measured ths flow rate of air to
be seinpled as It passed through the tee. The remalning leg of the tee was connected to a
Tenax packed column which in turn was connected to an alr sampling pump which pulled
the sample through the Tenax column at approximately 1/3 cuble foot per hour. This

arcangement was chosen to provide a near atmospherie pressure source for the Tenex
eclumn to the sample.

The sampling train was set up as shown in figure 8. A new glass U-tube wes used in
each of the first three runs. The U-tube was omitted in runs 4 and 5.

The metal Dewar flasks containing the front and rear traps were charged with dry
fce and isopropyl alcohol and allowed to equilibrate. The sampling was started on cue by
opening the two Hoke needle valves and turning on the air sampling pump for the Tenax
column. The flow through the eryogenic system was then adjusted to approximately
10 cubie feet per hour using the needle valve, The flow in the line sampled by the Tenax

column was udjusted to approximately 5 cubie feet per hour by a needle valve on the
rotometer,

After the sampling period th- Hoke needle valves were closed and the air sampling
pump was turned off. The glass U-tube, if ~resent, was scaled, removed from the line,
and stored at ambient temperature. The front and rear traps were removed from the line,
capped, and stored in a chest at dry fce temperature (-78°C). The Tenax column wes

removed from the line, capped, and stored at ambient temperature. The sampling train
was then prepared for the next run,
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The above procedure was used for runs 2 through 5 where the sample line from the
engine provided sample air at a pressure of approximately 3 psl. In run 1, the sample line
from the engine provided intake air at spproximately atmospheric pressure. Therefore, it
was necessary to pull the sample through the cryogenia collection system by attaching a
vacuum pump to the outlet of the wet test meter. In the T inax sampling system, the leg
of the tee normally attached to the rotometer was capped during this run.

[

During the test, Exxon collected 10 cryogenie samples in glass traps cooled in dry
ice and Isopropanol and 5 Tenax adsorption traps. These samples were returned to Linden,
New Jersey, and submitted to the Analytical and Information Division (AID) for analysis
using GC procedures for quantification of the organie components colleated in the various
traps and GC/MS methodology for qualitative identification of the measured components.

Quantitative analyses of the contents of the cryogenie and Tenax traps were
performed using GC procedures. Qualitative analysis by GC/MS techniques was also

attempted on selected vapor and aqueous phases from the eryogenio traps and on the
contents of Tenax trap from test 3g.
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Ciyogenic Traps

Tho organie components of compressor bleed alr were collected In 95 ml glass
eryogenie (freeze-out) collection traps immersed in a dry lce/isopropanol bath. These
coﬁeeﬂon traps were capped with glass ball joint stoppers lubricated with methy!siticone
grease and maintained in dry ice until the time of analysis. At the AlD labora‘ory, the
glass stopper on the exit arm of the tube was replaced with one equipped with a septum
seal for sampling. The traps were allowed to equilibrate to room temperature
(approximately 25°C). Under these ambient conditions, the tubes contained both an
aqueous liquid and a vapor phase above the liquid. The vapor phase above the liquld was
sampled from the collection tube through the septum with a 5.0 m! {ce) hypodermic
syringe. A 3.0 co aliquot was analyzed fn a Perkin-Bimer Model 900 GC using a flame
lonization cetector and analyzed according to the conditions deseribed in table VIII.

Table VIII.--Operating conditions for the gas chromatographic
analyses of vapor and aqueous phases In the glass dey
iee/isopropanol traps colleoted at the Garrett Turbine Bngine Company.

Instrument; Perkin-Elmer Model 900 equipped with a flame lonization deteator

Column: 10' x 1/8" O.D. stainless steel column packed with 20 percent
SP-2100 methylsilicone fluid on 80-100 mesh Supelco Port

Carriers Helium at 50 ¢e/min.
Temperatures

- Injector: 30°cC

- Detector:  350°C

- Columns 40° C for 1 minutes, programmed at 8° C/min. to
250° C final temperature

Sample Sizes

- Vapor: 3.0 ce
- Liquid: 2.0 miecroliters

Al

Pollowing the vapor phase analysls, the aqueous phase was sampled with a 10
microliter hypodermic syringe. A 2.0 microliter aliquot of the aqueous phases was
analyzed directly accordirg to conditions deseribed in table VIIL

The concentration of the organic components found in the various phases were
caleulated using an external standard of benzene in the corresponding phase. Vapor phase
standards consisted of 3.0 co blends of 4.6 ppm benzene in hellum. Aqueous phase
standerds used a blend of 4.6 microgram/mi benzene in distilled water.
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Tenax Traps
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Tenax traps used to adsord organie components from Hw compressor bleed air in
specified experiments were ca ed with afproprlate Swagelok™ caps and were transferred
to AID for analysis. At the time of analy

sis,'{he ‘Tenax traps were Placed in the carrier
gas line of the chromatogreph using Swagelok™ connegtors, purged with helium and then

o

R M o

heated to 250°C with o cartridge heater and a Variae voltage regulator. The conditions
of analysis are presented in table IX.
L
Table IX.--Operating Conditlons for the gas chromatographie
f analyses of the absorbed vapors of the
2; Tenax traps colleated ¢t the garrett turbine engine company,
Instrurent: Perkin-Blmer N ode] Sigma 2 equipped with a flame
tonization deteotor
b Column; 10'x 1/6" LD, stainless steel column packed with 16 percent f
g Carbowax 20M on 60-80 mesh Chromosorb W g
Cerriers Helium at 30 ce/min. §
Temperatures

: - Injector: 176°C
¢ - Detector: 175°C

Rt T Yang e

é
- Column: 50° C initial; programmed at 6° G per minute to 150° C

Sample Sizes  The entire Tenax tube installed in the cerrier gas line and heated 1
i to 250° C to desorb the adsorbed components

hose used for analysis were fortified with selected organie com-
Ponents and purged with 5 liters of ambient ale to simulate sampling conditions,

e e M N EI30
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Qualitative Analysis

lysis GC-MS by both a Finnlgan Model 4000 GC/MS data acquisition system
and a Perkin-Blmer Mode) 000 GC equipped with an efflvent

splitter interfaced with a
flame fonization detecter, and a Dupont Model 21-491 mass spectrometer were employed.

Tentative qualitative identitications of componsrts were also performed by
comparison with retention times of kinown organie corapounds. Since more than one
organic component type can exhibit the same retentinn time under the conditions of

analysls, this method cannot offer positive, definitive identification of the suspected
organic components.
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Environmental Protection Agency

Ambient and bleed air samples were obtained by chromatographie adsorption using
Tenax cartridge In serles. These samples were analyzed using the technique of thermal
desorption GC/MS microprocessor system to separate and identify the vapors trapped In
the Tenax cartridges. .

Teflon tubing of epproximately 6 feet in length and 1/8 ineh outside diameter was
used to conncet the Tenax sampling cartridge to the stainless steel tube that was mounted
behind the propeller, A Brooks "flo-rate" rotometer and a Nupro necedle valve were
inserted between the pump and Tenax cartridge to maintain a constant afr flow. The
rotometer was calibrated in the EPA laboratory prior to sampling and again after the
sampling was completed. A Thomas Model 10TCA187FR diaphgram pump was used to
draw the sampled air through the Tenax cartridge.

Tests 2, 3g, 4 and 5b Involved sampling of the engine bleed alr, which was collected
off of the same fabricated sample collector, installed on the cngine, as used by Clayton
Environmental Consultants. The samples were collected in the same manner as for test 1.
Mlf the samples were collected using a flow rate of 1 liter/min. The test system Is shown
in figure 6.

The Tenax cartridges used for sampling the bleed air were prepared for EPA by the
Northrop Corp. The procedure for preparing clean Tenax cartridges involved extracting
the Tenax with methanol and pentane for approximately 1 day for each solvent and baking
the air dried Tenax overnight in a vacuum oven. The cartridge was prepared by adding
250 mg. of Tenax to a precleaned pyrex glass tube, The Tenax was held In place in the
glass tube by methanol and pentane extracted glass wool. The cleaned cartridges were
stored In precleaned culture tubes wrupped with aluminum foll and placed in a tightly
sealed metal container.

The air samples collected in the Tenax cartridges were analyzed using the technique
of thermal desorption GC/MS. A Nutech Model 320 thermal cusorption system was used
to desorb trapped organ!c vapors from the cartridge. The sampling cartridge was heated
to approximately 250° C while being flushed continuously with a 15 ce/min flow of helium.
The purged organic vapors were collected in a liquid nitrogen trap which was then heated
to 200°C {n approximately 20 seconds to inject the sample as a discrete plug into the
GC/MS system.

A Hewlett Packard Model 5882A GC/MS micrcprocessor system was used to
separate and identify the vapors trapped In the Tenax ecarteldges. The gas
chromatographie column used for this analysis was a Quadrex 100m x 0.05 mm contalning
7.5 percent Hydrophoble silica, The column was temperature programmed from 20°C
(initial hold time 15 min) to 150° C at 4° C/min. Heliurn was used as the carrler gas with a
flow rate of 2 ce/min. The interface between the GC and MS consisted of a thick wall

ggmlhl{ 8?m-e capillary tube which allowed 0.75¢ce of the GC effluent to flow direetly into
e MS,

The MS parameters were as follows;

Scan speed 690 amu/sec, Scan range 25 to 260 amu. Ionizi { voltage 70RV,
Bleetron Multiplier 2,000 to 2,200 voits.
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A cassette tape cartridge was used to operate the GC/MS system and store the
colleoted data. The cassette tape has a limited storage capuacity and therefore only one
hundred mass spectra (one mass spectrum per one gas chromatographie peak) eould be

obtained for each sample. If there are more than 100 compounds (gas chromatographic
peaks) detected in a sample, no mass spectrum will be obtained after the 1(/0th peak.

The mass speotral interpretations were performed mainly by comparing the speatrs,
obtained in each sample with the speatra contained In the Registry of Mass Speetral Data
(B. Stenhagen, 8. Abrahamsson, and P.W, MecLafferty, editors).
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APPENDIX p
DETAILED DISCUSSION OF TEST RESULTS

Garrett Turbine Engine Company

During test 1, the ambient : ropeller
alrflow beslde the This

the afr
entering the engine.
during the testing fro

Thus, the
bleed air remained the same as that in

was belng Injected nto the inlet. The validity
Y the positive leval deteot
displacement that occurred when a gaseous hydr

he engine inlet as g check of system response,

The glass wool liquid/vapor separation filter was removeq after test 3(g) was
completed. After the separation filter was removed, the flame fonization detector (FID)

the oil injection began, as indicated
ed as soon as the oil was injected.
roduced by liquid contamination.

R e hohe A 0, ST SRR e Sy G0y 4 st Ty i W".’!*Wﬂ‘-' Pl et w

breakdown,

The unburned hydrocarbon reading could be changed by changing the

temperature of the sample line. This was a result of a change in the Hquid's
vapor pressure as the line temperaiure changed.

The indication contlnued after the ofl flow had stopped, taking 10 minutes to
decrease from an Indication of 56 PPm. Since the indication continued after

the oil flow was cut-off, the only source was material collected in the sample
lines.

During test 4, the seale for unburned hydrocarbons was expanded 10 times so that eaeh
vertlcal division was 0.1 PPm and full secale was 10 Ppm. This assured the detection of any
liquid or gaseous substances that might be in the bleed air as a result of operating the
engine with the carbon seal removed. A solenold was installed in the sample line so that
ch between the engine bleed air line and the propeller airflow line
Ir with the ambient aip conditions. Both the ambient afr {inlet) and
and no difference could be
S. Since this test was run
any leakage of ol into the bleed air

hould have been detectable.

The engine was shutdown for 1 hour to colleot and measure the amount of oll that
would pass into the inlet once scavenging was stopped. The amount of oll that was
collected was 20 eub ers (o) over a 80-minuta period. This Indicated that with

no mechanical seal present (or g cracked carbon seal) the condition would be detected by
oll leaking out the injet onto the ground.
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Before the start of test 8b, a residual value of 20 to 30 ppm unburned hydrocarbons
was deteoted due to a minute quantity of fuel collecting in the unventilated combustor
section of the engine. During the start, the effect of the fuel vapors could not be dis-

tinguished from ofl contamination of the bleed air resulting from the start with a "dirty"
inlet, Within 1 1/2 minutes, the bleed air contaminant level had reduced to 4 ppm.

Therefore, even with an accumulation of oil in the engine inlet, only a very short duration
of low level bleed air contamination would oceur.

SR TR o) -5 R

-t

The valldity of the above data was demonstrated by the fact that the Garrett test
equipment was calibrated before and after each test run with certified laboratory
standard gases. After each test, the subsequent calibration showed that in no case had
any change in the equipment calibretion occurred. In addition, throughout the testing,
propane injected at the inlet was readily detected by the FID equipment showing the
validity of the test system for deteoting unburned hydrocarbons.

foll The valldity of the anaiysis for the unchanged liquid state of the oil is shown as
ollows:
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1. When oll or propane wes i{njected at the inlet, the contaminants were
detectable in the bleed air. : ;

P i TR T

2.  Vhen the liquid contaminant was separated from the bleed air during the oll
injection tests, .0 gaseous contaminants were detected.

3.  Since no gaseous contaminants were present but liquid contaminants were
detected, then the oll .was unchanged as It passed through the engine's
compressor,

Additfonally, the test conditions were such that they were more severe than would
normally be encountered.

During the oll fnjection test, the outside air temperature (OAT) ranged from 110°F
to 115°F. The effect on engine operation at this high temperature is an increase in
engine compressor discharge temperature and a decrease in compressor discharge

pressure. Both conditions will tend to encourege thermal breakdown of the oll injected
into the engine.

Clayton Environmental Consultants Ine.

Gas _Chromatogra h)i(Mass Spectrose Analyses.--The primary emphasis of
Claytons sampling aﬁ aralytical program involved quaiﬂaiive scan[; to identify potential
contaminants present in the bleed alr samples using Gas Chromatography/Mass
Spectroscopy, GC/MS, followed bv uantitative analysis via GC. Separate sampling was
conducted for different engine-uperating conditions which varied from normal to

simulated problem situations. The samples taken using Tenax In series with activated
carbon were Intended for the qualitative analyses.

All of the Tenax-activated carbon serles samples were drawn from the first port
following the glass manifold intake. The same callbrated pump was used to control
sampling fiow rate. Manifold pressures as indicated by the monometer were malntained
from 2 to 3 inches water gauge. Bleed alr temperatures measured immediately
i downstream of the glass manifold were indicated ranging from 96°F to 107°F. This
compares similarly with the ambient temperature experienced during the 2 days of tests.
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APPENDIX P -60-

Following sample collectlon, the separate Tenax and activated carbon sorbent tubes were
vemoved from the glass manifold, sealed using polyethylene caps, and stored under
refrigeration untfl analysis.

The GC/MS analyses were accomplished using a Hewlett Packard Model 5985 QC/MS
equipped with a Century thermal desorber, This was followed by eryogenic focusing prior
to sample injection. A 6-foot 3 percent SP 2100 column was utilized and temperature
programmed from 40°C to 250°C at 8° ¢ per minute. The sample was scanned from a
molecular weight of 40 to 400 and identitication of spectra was accomplished using the
registry of mass spectra data. To verify the effectiveness of the analytical method, the

blank samples were ‘splked with numerous compounds, including hexadecane, prior to
analysis.

Table 12 (Appendix 6) shows that all of the compounds {dentified in the bleed air
samples, other than triohlorotrmuoroethane, were also {dentified In the field blank,
Sample TEN-J-blank. Additionally, the various alkyl benzenes suggested as present in
samples TEN/ACT-TEN-II and TBN-J-l, are typleally found In ambient air samples when
using Tenax as the absorbing medium. Gas chromatography/mass spectroscopy analysis of

the activated chareoal samples (taken in serles, subsequent to the Tenax tubes) did not
indicate the presence of any compounds.

been rinsed with Freon 113 prior to test 4. No apparent explanation exists for the
trichlorotrifiuoroethane identified in sample TEN-J-1 from test 3 other than possible
contamination of the outdoor test cell alr from Freon 113 used to clean oil from below the

supply, which was injected into the engine during test 3, was also subjected to GC/MS
analysis using the same instrument eonditions, The total fon current chromatograms

In summary, the absence of identifiable aliphatic and aromatie hydrocarbons, osters,
ketones, and aldehydes from bleed afr samples taken during ofl Injection tests (test 3)
suggests that the oil and the additives did not undergo any deteatable degradation as thege

lubrleant components passed through the two stages of compression and out the bleed alr
port.

Oll Mist Analyses.--The data contalned within table XNI (Appendix Q), shows that
analyses using fluorescence techniques identified the majority of the materials trapped by
the sampling fiiters as the prineiple lubricating Ingredient in ETO-2380 turbo oil,

These results support those from GC/MS analvses regarding the lack of evidence of
degrudation ofl as {t Passed through the engine.
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Two of the filter samples taken during the oil infeation tests were analyzed for
trleresylphosphate, the antiwear additive in BTO-2380 turbo ofl. These samples included
AA-187-20 (6 1bs/hr oil Injection) and A A-187-24 (12 Ib/hr ofl infection). Results of the
analyses indicated no triparacresylphosphate (TPCP) or triorthoeresylphosphate (TOCP) in
either sample at the limits of detection for the analytical method employed.

Exxon's ET0-2380 turbo of] {s sub
that the tri
This same speecification allows antiwear a up to 5 percent by
weight, thus the maximum allowable TOCP concentration in the ol is 0.05 percent.

uantitative Analyses.--Separate air samples were taken during each test
specifically to allow quantitative determination of contaminants identitied by GC/MS.

Ambient alr samples were also taken at the test cell fenceline upwind of the engine's
Intake to aliow exelusion of contaminants introduced via the amblent air,

Since no bleed air contaminants, other than trichlorotrifluoroethene, were identified
during GC/MS analyses, the subjeot samples were all analyzed for total hydroearbon
content to assess the degree of overall organic chemical contamination. The results of
these analyses, as presented In tables Xi1V {appendix @), are expressed in ppm calculated
a3 n-hexane. The indicated total hydrocarbon conecentrations for bleed air samples from
all tests varied from less than 0.02 to 2.0 ppm as n-hexane. The current Occupational
Safety and Health Administeation (OSHA) permissible exposure level (PEL) for petroleum
distillates is 500 ppm as n-hexane for 8-hour time weighed average (TWA) exposures,

g the allowable concentration to which workers may be exposed for up to
8 hours per day, 40 hours per week. The slightly higher total hydrocaron concentrations
indicated by sample ACT-12 for test § which was a "dirty" startup are the possible result
of bleed air contamination from engine fuel vapors which apparently diffused into the
engine's compressor section between engine shutdown after the pretest runup and the
“diety" start.

Comparison of total hydrocarbon concentrations for amblent air samples taken at
Laz test cell fonceline with th e air samples from test 1 showed no
slgnificant differences. cept of fenceline amblent alp sampling as
an indication of engine in

Analyses for para(p)-cresol, and formaldehyde were also conducted on the bleed and
ambient air samples. P-c¢resol is considered a possible hreakdown product of any TPCP
antiwear additive in BETO-2380 turbo oil. The results of analyses failed to indicate the
presence of p-cresol at the limits of deteotion for the sampling and analytical methods
employed. Formaldehyde s
presence of which | ndicate possible

i The results of analyses

, fn bleed and ambient alr, ranging from

less than detectable to 0.5 Ppm, as TWAs. It is significant to note that no formaldehyde
was detected in the bleed alr during test 8, the "dirty" startup.

Exxon Research and Egglneerlng Comgany Discussion of Test Data

Table XV (appendix Q) presents the data that was obtalned on the samples collected
by the freeze out train. Since the sampling tube contalned both a gaseous phase and a
water phase the contaminants were measured for both phases. The tubes which
correspond to the various tests are identifled in table XVI (appendix Q).
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The ppb contaminants for each tube is the sum of the vapor phase plus the aqueous
phase and are summarized in Table XVII. -

Table XVil.-~-Summary of the sum of the vapor phase plus the aqueous phase.

Front Tube Rear Tube
Vapor Aqueous vapor Aqueous
Phase Phase hase Phase

Test No. ppb ppb ppb

1,1 8.1
¢.3 28.6
7.1 12.5
1.2
0.1

10,2
* 2.8 Broken

*Less than,

It is readily seen that the chemical fregments or contaminants were present in such
small quantities that it was virtually impossible to {dentify them. Under these
circumstances, the concentrations were insufficlent to get definitive mass spectrometric
data to apply motecular weights to the peaks found on the gas chromatograms. Since two
different compounds may have the same retention time when run under identical GC
conditions, it is not possibla to positively identify a compound based on its retention time.
However, & given compound cannot have two different retention times for a given set of
GC conditions. Therefore, it was possible to demonstrate that several compounds,
ineluding acroleln, benzene, toluene, and xylene, were not present in any of the samples.

Two persistent contaminants were i{sopropyl alechol and Freon TF; the former was
from the dry ice bath and the latter was used by Garrett for washing sampling lines and
engine and hardware parts. The data contained in table XVII {appendix G) showed that
these were the only compounds detected {n the Tenax columns.

It was suprising that during test 3, the oll injection tests the FID did not detect any
contaminant {n the bleed air until the maximum rate of 12 lbs/hr was reached and the
glass woo! plug which was In the line to catch particles or mist was removed.
Unfortunately, the glass wool was lost but the Freon rinse from the trap was analyzed and
the gas chromatogram was that of ETO-2380 turbo oil. This indicates that only turbo ofl
was coming through in this maximum contamination exercise and no breakdown produets
were observed.

The results of the gas chromatographic analyses of the organic components in the

lass dry fee/isopropanol {eryogenic) traps are presented in tables XV, XVI, and XVill

eppendix Q). The total organte components found in the compressor bleed alr and in the
intake air to the engine are presented in table XVI (appendix G). The intake air contained
approximately 0.007 parts per milllon (ppm) of total organic components. The total
organic components in the compressor bleed air ranged from 0.003 to 0.032 ppm. Nelther
tho addition of BTO~2830 turbo oil into the Intake of the engine nor the removal of the

carbon seal from the engine resulted In a significant inerease in total organic components
{n the compressor bleed air,
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The distribution of components between the vapor phases and the condensed aqueous
phases in the cryogenic traps are presented In table, XV (appendix Q). As would be
expected, the condensed aqueous phases contained the higher organic component
concentrations. Tube 7 econtained insufficient aqueous phase for sampling and analysis.

The distribution of organie components in the vapor and aqueous phases based on
retentlon times of the cryogenie traps are prescnted In table XIX. The vapor phases
contained up to 11 components with retontion times In the range of 0.84 to 6.60 minutes.
The aqueous phases contained two to five components with retention times in the range of
0.86 to 3.02 minutes. One of the components with a retention time of 1.92 minutes in the
vepor phase and at 1,63 minutes In the aqueous phases was tentutively identified as
isopropanol based on retention time.

Since isopropanol was used in the coolant medium during sample colleation, it was
suspected that the cryogenic tubes were contaminated with this component during
sampling. This concentration was, therefore, not Included in the total concentration. The
fact that components in the 3.37- to 6.60-minute retention time range were found in the
vapor phase but not in the aqueous phase suggests that these components are less polar
and are probably hydrocarbons containing no functionality.

Other components were found in the vapor phases of the cryogenie traps in the 8.9

to 19.4 minutes (8.9, 12.9, 16.1, and 19.4 minutes) retention time range. ‘these
S as containing a,: lon fragment (m/e) of 74 mass

units indicative of low molecular weight (MW) silicone grease components. Indeed, a
sample of the silicone grease, when placed in a separate vial and when the headspace was

analyzed, contained these same component peaks. Since these were known grease
components and their presence in the compressor bleed air could not be explained “ased
on any of the components used in ETO-2380 turbo ofl, they were not included in the total
component distribution. The concentrations of the other components were too low to be
charactarized or identified further by GC/MS analysis.

Although the levels of hydrocarbons present in the eryogenie tube were (oo low to
allow identification by GC/MS analysis, their levels were detectable by flame lonization
and tentative identifications were made on the basis of GC retention times. It was
possible to suggest that the peak at 0.88 minute was consistent with that of methanoi.
The other component peaks were indicative of C, to C., normal and branched paraffins or
olefins, C, to C aleohols, or C, to C,. ketonés. Based on retention times of known
compound? injec?ed into the G undeﬁ the same conditions as the samples, .<nown
components such as acrylonitrite, acrolein, benzene, toluene ana xylenes were not pre.ent
in any of these samples.

The results of the GC analysis of the organic components adsorbed in the Tenax
tubes are presented in table XIX (appendix G). Two component peaks were detected in
tubes 1 and 2. The level of these components in the intake and compressor bleed air were
not siganificantly differeat. Thesa peaks were tentatively Identified on the basis of
retention time as Freon TP or methanol and isopropanol. Tubes from runs 4 and 5b
contained inordinately high levels of a single component penk. The peak’s identification,
as based on retention time, was Freon TPy Freon TP previously wes used to wash out the
sampling lines. No other components of significance were noted.
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Environmental Protection Agency, Discussion of Test Datsa

Eight precleaned Tenax cartridges were used for this test program. Two of the
eight cartridges were used as blanks {unexposed to the ambient alr) and one cartridge was
placed in series {hackup) during test 3b to provide a measure of sammpling efficiency.

When the sealed metal container which contained the sampling cartridges in the
culture tubes was opened at the test site, all of the cuiture tubas were cracked and that
some of the cartridge ends }rd been broken off; however, the cartridges were used for
sampling, but were stored in pint glass bottles wrapped with aluminum foll for transport
back to the EPA laboratory. The results indicated that some cartridge contamination had
oceurred to cach sample.

The quantities of air collected for each test are presented in table XX.

Tuble XX.~-Summary of test results (EPA).

Total Collected Sample
Sampling Time (Liters)

Test 1 1 hour 60
Test 2 1.5 hours 90
Test og (A) ~ 15 minutes 15
Test 3g (7) *¢* 15 minutes 15
Test 4 1.§ hours 90
Test 5 (b) 10 minutes 10

*Normal sample cartridge used during test 3§.
**Backup sariple cartridge used during test 3g.

A list of the compounds tentatively identified in each sample are presented in tables
XXI through XXVIII (Appendix G). The identifications are only tentative in that standards
were not used for the confirmation of these compounds. Although a high resolution
capillary col'mn was used for the analyses of these samples, overlapping of peaks was
prevalent due to the large number of compounds present. In many cases (tent.) was added
after the compound identified to indicate that this identificatiz:2 was a best estimate of
the structural formula. The total ion abundance for each comaound which is measured by
the detector of the mass spectrometer and directly related to peak area was also listed;
but, no quantitative results were obtained since standard ecalibrations had not been
performed. The sensitivity of the mass spectrometer detector was increased
approximately 2 1/2 times for the analyses uf tests 2, 3gB, and 5b as compared to the
blank and other test samples.

All of the sampling cartridges, including Blank #1, were found to contain many of
the compounds associated with the analyses of diluted automobile exhaust. These results
appeared to confirm the contamination of the cartridges during transport. There were,
however, significant differences between the samples in the types of compounds identified
It)h?t wera not related to this contamination. These differcnces are deseribed briefly

elow:
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Test 1: Background

The major constituents of this sample consisted of four branched chain alkanes
-4 (spectrum #'s 29, 32, 38, 41) which were probably C, isomers since these compounds
o occurred in the chromatogram at retention times betweén n-octane (C,H, o) and n-nonane ; SN
(C,H 0), and the fact that this column specifically separates hydrocargol\g based on their E

boﬂ!r& point differences. -

Test 2i Regular Run, Goud Seal

M It appeared that this cartridge could have been contaminated with a hydrocarbon
lubricating ofl and/or fuel, since more than 100 peaks (compounds) were obtained from
b this sample. All of the components in this sample (especially the hydrocarbons) were at
relatively higher concentrations than any of the other samples analyzed in this study. The
2-methyl pentanol and n-butyl acetate identified in this sample are usually found as
contaminants in sampling lines if tygon or plastic tubing are used in the sampling.

Test 3gA: 12 lbs/kr oil passed through the engine.

Approximately 25 percent of this sample consisted of a number of oxvgenated
compounds, (peaks 13, 23, 24, 30, 32, 41, 44 and 46). These compounds could have been
from the oxidation of the lubricating oil as the oll was passed through the hot engine.

Test 3gB: Backup Cartridge

The results of this test indicated that breakthrough of some of the compounds
vollected in test 3gA had occurred as most of the jame compounds (ineluding the
o.cygenates) tdentified in test 3gA were also identified in the sample collected for test
388. The appearance of the hydrocerbons (toluene and n-octane for example) in both
samples may be due to the contamination of the cartridges rather than breakthrough of
these compounds through the Tenax,

Test #4: Regular Run. Oll seal removed.

Except for the uniden!!fied compounds with the suspected structural formulars

C.H,, (spectrum #12) and C H,, (spectrum #16), this samp!» appears to contain many of
th‘rla Lgmpounds that are prgsem (toluene, n-octane, xylenes) when diluted automobile
exhaust is collected and analyzed using these same Tenax cartridges.

Test Sb: Hot Start

The results obtalned for this sample are similar to that obtained for test 4. The
compounds identified are at relatively low concentrations as compared to test 4 mainly
because the sampling time was only 10 minutes for this test vs. 1.5 hours sampling time
for test 4.

Evaluation of Test Results

In considering the EPA data, it is apparent that the testing was conducted in such a
way as to provide qualitative results rather tinan uantitative concentrations of possible
airborne contaminants. In the opinfon of the commiitee, any study Intended to o

demonstrate possible toxic effects on humans by airborne contaminants should provide an o
indication of the concentrations for comparison against published toxicological
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informetion. The methods used by EPA are of primary usefullness in determining trace
organic vapor pollutants in ambient atmospheres. Though the commitiee is not aware of
the aclual llinits of detection which these sampling and analytical techniques provide,
veview of pertinent literature indicates a high degree of sensitivity to very low pollutent
concentrations. It is apparent that toxie effects to a‘reraft crewmembers would only
result from breathing alr contamination of sufficlent concentrations to cause acute
effects. Por most substances, there are several orders of magnitude separating trace and
acute symptom causing concentrations.
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Published exposure limits, which include OSHA permissible exposure limits (PELs),
National Institute for Occupational Safety and Health (NIOSH) recommended exposure
limits and the American Conference of Governmental Industrial Hygienists (ACGIH)
threshold limit values (TLVs), are primarily intended to protect workers against chronic
health effects. Where available, published exposure limits are based on 8-hour exposure
periods; these ltmits are generally lower than the acute effect concentrations and are
several orders of magnitude higher than trace concentrations. Thus, although the EPA
analyses suggest the presence of a number of compounds in the bleed air under various
conditious of the test protocol, the concentration of these substances appears to be at
such a low leval as to cause no acute degradation of pilot performance.

\
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A further complicating fector in Intrepreting the EFA data was the fact that
hreakege of the precleaned meudia sample contafners (culture tubes) had occurred prior to
sampling, thus necessitating use of pint glass bottles for san.ple isolatlon. Due to the
breakaege, all of the media, including the two blank cartridges were exposed to the
ambient air at the test site. No discussion was provided regarding the source or nature of
the pint glass bottles used for shipment to the laboratory. Thus, any possible sample
contamination introduced by these bottles cannot be deter mined.

Tables XXI through XXYVill show the results of analyses reported by the EPA for
blanks 1 and 2, and tests 1, 2, 3A and B, 4, and §. For each test, a review was conducted
for the list of compounds Idantified and in the ¢ulumn labeled Possible Contaminant, all
instances were noted where any compounds we-- ulso tdentified as present in either of the
blank samples for test 1 (bpokground) or the b'ank andfor background samples for tests
2 through 5. The committee noted that of the 48 compounds ldentified in the background,
14 of these compounds also app2ared in the blanks. For test ? (good seal) of 41 compounds
identified, all but 8 of these appeared !n the blanks and/or the background. Of these 8, 5
are listed as {somers of C,H,.. For test 3gA (12 lbs/hr oil ingestion), of 32 compounds
identified, all but 7 appea?edl?n the blanks and/or the background. For test 3gB (backup
to 3gA) of 25 compounds identified, all but 7 sppeared in the blanks and/or background.
For test 4 (oll seal removed), of 15 compounds identified, all but 2 appeared in the blanks
and/or background. For test 5b (hot start), of 7 compounds identified, all were present in
the blanks and/or background.

The above comparisons illustrate a considerable degree of sample contamination. If N
these EPA data are accurate, the number and type of compounds indicated as present in .
the ambient air is significant. With the degree of sample contamination indicated by

these data, it is questionable whether or not any of these samples provides a true |
representation of actuel compounds present in the alr being studied. i

Tne significance of the total abundance numbers which are included in the EPA’'s
data are that these numbers are ¢.. indlcation of the mass spectrometer detcetor's degree
of response for each compound identified. This response is a function of several variables,
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including instrument conditions, compound type, and abundance. These numbers, while
affected by the quantity of material present at the detector, cannot be used to determine
that quantity unless known quantities of identical standards are run through the
instrument under identteal conditions. Thus, no estimates of compound abundance can be
made on these data. In their discussion of the test results, the EPA noted that the mass
spectrometer detector usted during the course of analyses. This
on abundance values from test to test. Since

tivity used by EPA was indicated to be very high, their analyses

Identified many compounds which were probably in the trace concentration range. Most

of these were found in the blank/background samples and, therefore, showed that
contamination did occur.
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" APPENDIX G
ENGINEERING TABLES

Table X1L.--Summary of gas chromatography/Mass spectroscopy analysis
m._o I_m ) Tes! Duuhllon Amirtical Findings

TEN- 1 btonk 600 mg TEHAX Blank Sorbent Tube Sl onvie sibrt styrena
:gtene
A eoch proboble hydrocarbons

TEN/ACT 600 mg TENAX Primary sorbent tube run in series with €00mg ACE  MNaghtholene
o3 TEN-| ™ duriry) 120 hour oil injection, Test Theee CIOHII possible Dimethy! styrene

TEN/ACY €00 mg ACT sorbent fube run In serfes behind 600 No comnpounds identified
J ACT.| ™ TENAX during 128 /hour oif Injection, Teyl Ihreemg

TEN- X} 400 mg TENAX Individuol sorbent fube run poratiet with above (2) C gty 0%yl benzens
during 122/hour oll injection, Tes! Theee 10112 Possidle ethyl styrene
C &m ible dimethy! styrene

sy e el gl T L M s SHOM NS bt e ey

C‘H oyl bengene
fm!h o 1rifhuoro ethare

TEN/ACT 150 my TENAX Primoty sorbent fube run in serles with 130 mg C probable alky) benzene
TEN-1§ ™ ACT during engine fest withou? carbon seal, hgf&o!me

Yest Four C possible ¢yl styrene
um&?a triftsoro athane

TEN/JACT 150 mg ACT Secondary sorbent fube run In series with dbov e No compounds identified
ACT-1 ™ during engine test without carbon seol, Test Four

TEN/ACT 150 mg TENAX Primory socbent Ibe v in serles with 150 mg trichlore trifluors ethone
TEN-12 ACT during dirty storkp, Test Five C, 1 Possible ethyf shyrene
&ﬁm possidle dimeihy) stprece

TEN/JACT 150 mg ACT Secondory sorbent hube run In series with chove No compaunds identitied
ACT.12 ™ during dirty stortup, Test Five

Freon Woth Liquid buk Sarrple ¢f line wash sotven? followiyg oil Injection No compounds identified however, totol
Freon 11} tesls, nota somple concentroted 20:) lon current chrornatogrom resemttes
that of Exxon 2380 ordd some moss
pectre motch

Lob Blork 150 rng TENAX Blonk sorbent e No compounds identified

Table XIIl.--Comparison of oll injection rates versus identitied materials,

Exuon 10 {ng)  phasphete bmg)
MM AN Ouf Iryoction ot 24w 1) 1342 035 [ ) - -

umi AA-182-24 Out Ingaction ot 42 8¢ 13404 1549 0.5 73] - -
AL AA-I2-20 O pection ot $2 v 1334 1554 ¥ 1] - Qi 145
RN A-181-17 il bngaciinn ot Lo Ay (}1} ([ ] 83 X - -
Al AA-02-24 Ot ryaction ot 1204y 1603 1] L 81 ] - XY
wvm ety Ou irgection o1 1200 T (131 551 t 8] -

Y C Poriod  Weight Car oM T N |
Oute Sovpin Mumber ot Corndfitiorn Sl‘l:::n‘ b on a;' int ] pore crenyt Huthe w
3
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Table XIV.--Total hydrocarbon content versus degrae of overall organie contamination.
{Materlgl(s) total hydrocarbons as n-hexane (THC), p-cresol

e LK e MY sl

e Sampling :O'l'?“ |
Dat $ i Perled AR L
1961 | Nuaber Dereriptlon q ey | THC [ Prewt| oo
Start | Stop ‘mm ‘ml m
12 JACT- TEST ONE 1100 1200 1.9 <0.04
/20 (TEN-{ Engine Intake Alr £100 |200= 8.2 < 0,03
U2t [FORM-I HOO 1200 £0 < (0,0}
1z ACT-2 Ferceling Amblent Alr {013 122} 159 0.02
/2] TEN-2 Reloting to Test Une _Wl? Izl 1%.8 < 0.02
{2721 | FoRm-2 _ 10131225 | 150 0.005
ACY-) TEST TWO
2720 | TEN-3 | Normal Engine 1260 | 1810 | 124 002 | |
e -('BRM-J . 1240 1410 %0 . — 0,00%
Ha ACT 4 Fenceline Ambient Alr 1250 1125 .5 0.06

2l
pag—

TEN-A

FORM-4

Relating to Tests Two and Three

—

1250 | 1728

2.5 < 0,07

ACT-J-| .

121
——

FORM-S

TEST THREE (g}
128 hour ol inject

1647 | 1702

2.0 <0.01 < 0.1

1647 | 1702

15 0.5

e

ACT-i0

f enceline Amblent Alr

122

TEN-10

FORM-$

Reloling to Tests Four ond Five

B e -———L——-—

0830 | 130

18.9 0.007

0800 1 1380

3.6 < 0,006

ACT-{1

TEST FOUR

TEN-1}

Engine rumning without ¢arbon seal 0936 1106

149 <0.02

ACT.12

i

TEST FIVE

TEN-|2

sortup

| LORM:12

Engline without carbon seat with "dirty® | 1317 1327

1.4 <0.2

A
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Table XV.--Distribution between vapor and agueous phases of total organic
components which were collected in glass dry iee/isopropanol traps
at the Garrett Turb!ne Engine Company.

Concentration fn s-g!ed Atmosphere

Sawple ASr Swpled, pgft or gp

Tubewo, welgnt, ¢ _biters®  yipor mise®T  agveous nusd®  Totm
1 2.058 1534 11 6.1 7.2
3 4.556 4.9 0.3 28.6 20.9
; ’ 0,304 N9 0.5 2.2 2.7
¥ s 0.464 65.3 7 12.5 19.6
} 7 0.066 6.3 8.0 (e) 80
\ s 3420 360.8 1.2 0.2 1.4
) 9 0.£00 8.8 0.7 1.9 2.¢
10 0.388 “s - 2.0 2.8

“’:om volurg of afr §n 1fters corrected to 25°C and 760 mm Mg pressure.

(®}rort oegante ¢
omponenrts in tha compraiser alr {a parts per diViton (pod)
coll«ug 85 2 vapor dased on a cryogenic tude volume of §5 oL,

mc«\ccntnum of components fn the compressor alr n parts per bi119on (ppd)
collected {n the cryogents tube as fn the condensed aqueous phase assuning
a0 average motecular weipght of components of 29,

“’tawmcieat squecus phase for sampling and malpsis.

Table XVI.--Total organic components collected in glass dry lee/
isopropanol traps of the Garrett Turbine Engine Company.

Test Tube Sample  Atr Simpled, Collection Totel Organic Componemt

No. Tube No. Position Vefght, 4 _l.lms"’ Time, Min. Test Conditions y/Liter or wh

1 1 froat 2.0%8 158.4 $0 Tatate air - sl - paofl 8 4
injection = [Represents bacte
ground oir)

? : | Froat 4.65¢ 4. 90 Compresser bleed alr - pood n.e
$68) = no of) Tajection

L

? 4 Rear 0.34 NS 90 {ovpressor dleed afr » 1.7
§o0d s281 « a0 o1 1njection

3 ] Front 0.484 5.3 18 retsor beed air « 156
2:? o oft Infected lutg“‘
{atake at 129/,

3 1 Reir 0.068 65.) 16 ressor Meed atr - ¢.0
m = of) 1njected intmhh
at 12y,

4 | front .42 3.8 90 vomprassor bleed alr « na cardon 1.4
foce on s0a) = nd of! {njection

4 ] Rear 0.600 3.8 1] Comprassor bleed afr « p carbin N
face on seal = po o1) 1njection

4 10 Front 0.388 “H.¢ 10 Compressor dleed dir « po corbon 2.8

face on tea) - during start
Vith of] pooled 16 Tatake "

——Y
——

mfou! volune oF alr 12 1iters corre:ted to 26°C and 760 Ng pressure,
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Table XVIII.--Total organic components eollected in Texax traps at the
Garrett Turblne Engine Company,

wilbe  Atr Sampled, ——ejelaL ot Comonrta, pors g1
Test Ko. Liters{®) Test Conditions freon thino))  Jsopropanotl®!  yoray

1 4.0 Intake alr - 'ood carbon sesl - 15 (13} 4 1
20 ofl Injection (represents
background air)

4,0 Compressor dleed atr - rm 75 (13) (3] 138
cardon seal « no o1V $ajection

{represents normal engine
osperation)

Compressor bleed air -
carbon seal ~ ofl Injected fate
Intake st 1240,

Compresioe bleed afr - no carbon 3600 (600)
face 0n se2) - no 041 tajection

Compressor bleed afr - a0 ¢cardon 6400 (1100)
face on teal - during start-wp
with o) pooled fa Intake

(870141 volume of air fa Hters corrected to 25°C and 760 e Hg pressure,

“’rnm (trifluorotrichloroethane} was used to vash saaplirg Tines. This ceak was found at the retenticn time of
Freon andfor methanol,

(s peak formed at the retention time of 1sopropancl.
("’tm sample was used for U.e qualitative 6C-iS analysis,

(ﬂ:, peak could be detected due to the unusutlly Yarge concentration of 4 cosponest aluting 4t the retention time of
on,

Table X1X.--Distribution of individual organic coimpounds in the vapor and
agueous phase which were collected in glass dry ice/isopropanol traps at the
Garrett Turbine Engine Company.

Concente Presen
Retention T 1T Tobs is TV AT
Time, Min.  Fila Ko, (K193  WxI} X140 Lké2} L7118 K679,  LK68S .  _LK10%
o l o"“ o"’ 5-0 'l‘ -
0.3(8)  000) oe(e}  o3e) e 110} 1,20e)
0.2 - - 0.6 - 0.2 - -
0.1 1.0 <0.1
(0.1 0.1 lo‘ (0-1
0.3 0.4 0.3, 9.1
- - - O-I
0.4 0.4 0.1
0.1 i 0.3

JAPOR Prast(c)

- -

mni K] 33

‘ LK?3? 1x6sg Lx204

MNE s¢ (¢}
s P 8 g4 S 1.3
o.5(8) 13w ;:;m 1 wele) 230 1olw)

Ty w8 e - 2 DR & s

lllllltll

“’rm pesk has Been 1dantified as isopropano) based on retention tise. Since isopropanc) was used (a the dry 1co trags,
thit value 13 reported here but 18 not included 1n tha total organic components,

mlnwﬁle!m Sueous phase wis svalladle for sampling,

wtoncmmlm in the llf@l‘ ,mu for 8 3.0 ¢¢ simple sie were caleutated on the dasts of ¢ 4.6 P benzens blend which
axhibited & response of 10.67 area uaits per pom,

“’Cmmnum in the dqweous phite for o 2.0 4t wgh tize were calculatod on the basis of o 4.8 so/sl concontration
of benzene Tn water which exhibited & response of 3,38 arda units for 1.0 sg/al concentration,

T e S e Py g
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Tables XXI through XVIII.--EPA identified compounds and comparisons.
Table XXl

Retention Tota) fon
Tine Aundance  Compound

_““w

2.31 14.8-17.3 -3 eers

] 1.3 ni fsopentane

18 12.6-10.0 ? XXX
20.0-20.% 2 XN

Y 2.4 2408 CeMia

18-20! 24.0-28.) 3 1.1.1 teichlereethylone

n 1.2 (11 benzeme

n 4.9 101 uwnknowa

n 1.3 n»n C,Mu {fs0mer)

214 .4 {14 ) C,H“ (fsoaer)

2 .9 1658 C My (150mer)

26 2.4 13

3] 2.4 6300

n Nn.? 1)

4 ] 3.2 100 C.Hu {isoner)

3 3.4 A ctane

b} 3.0 dutane)

n? . .

)} .4 bentatdeNyde

m_m

} €.C. ¢olumn overlesded
H Nits speacteun uninterpretabls
Ms1s spectrosater detoctor satursted

Table XXl (Pages 1 of 5)

Biamx 92

Retention Totat ton
Ties Abundance  Compouss

frritran @

3t 1.2-12.3 3 ¢y

) 17.6-20.0 R/ 1s0peatane

’ 0.7 97 €y

20 1.9 252 X

11-18 19.9-23.3 4 e,

) 1 3M.é 1583 totuene
mm_

¥ puss specteometer datector saturated




m
Retention

Total ten

Spactrus # Tise. Adungance Compoung

. 23 - - atr

. 4 17.2 248 CCI,F blonk
L 1.9 L3 rpentane

. -r 19.6~19.8 -3 1%,

; '2 22.4 -t -

L 213 20.22¢.3 7. C.Myg Cfsomer)(tent.)
2 7.2 7. C.H!‘ (isomer)(tent. )

’ 3 n.3 a2 Gy s (Tsomer)(tent.) Dlanic

14 278 1592 Ctyy (1s0mer) blank
5 8.6 1236 C.‘.Hl‘ {isomer) blank

. b+ 29.6 1238 67"15 {{somer) bilonk
b b4 na b L1 propanol o c.’,l-t:.5

(fsomer)(tent. )

. 18 31.3 653 e,et,

' 19 s 1769 WA A Swn
20 3.4 a9 toluene blord
21 31.7 7430 C‘Nn (isomer) Dlonk
bod 3.8 8452 C‘nn {isomer){test) Diank
2 2.3 37rs c‘nm {isomer) Diani
24 32.5% 1Ca9 UARNOwA
25 2.8 31 C"";a {ten?) Dilanikr
26 32.% 31536 Cann blanic
27 - - -
28 M1 $044 MOCtare Bloric
29 .6 18308 C,Nm (fsomer)
30 k % ] 2058 C,Nm {tsomer)
32 35.4 023 C,"zo (fsomer)
2 B.6 15622 CoMap Cisomer)
” - - -
34 35.9 6153 CqMay (isomer)
3 3.1 pr s t’tlzo (1soner) » ethylbenyene
» 3.2 ms G."m {{somear)

Table XXI1I (Poges 2 of S)

Possidle Contarmingnt

37 .2
38 36.3
» 3%.5
© 3.6
Q 36.7
82 37.0
P ».2
4 .6
4 ».?
o 3.8
! » 4 3.9
™ 38.0
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Table XXII (Pages 4 of 5)

Rwtention Total foa
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F 2 28.9 p s g (Tsomer) Blank ond bockgroune
b4 2.5 121 E P, (1nomer) Dlorde and bockground
n’ - - - blonic ond bockground
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